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Micro Blood Pipette and Graduated Tube 
New Blood Sugar Method 
REFERENCE: The Journal of Biological Chemistry, May, 1928, Vol. LXXVII, No, 


A New Blood Sugar Method, by Otto Folin. Reprint forwarded 
request, 


Only two or three drops of peripheral blood are required. The sugar is oxidi 
with alkaline potassium ferricyanide. The pipette is calibrated to contain 0.11 
Allowable tolerance of error + + per cent. Pipette is automatic in that the bla 
is drawn directly from the subject into the pipette by capil- 

lary attraction. Our pipettes are made in accordance with 
specifications and are easily accurate within the tolerances. 
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18039. FOLIN MICRO BLOOD TUBE, capacity 25 ml., 
allowable tolerance of error + 0.05 ml. Carefully 
designed by the Author. Diameter just right to fit 
thumb and pouring lip made so that the rubber stop- 
per will make a tight closure. Pyrex glass. Mark 
must fall not less than 3 nor more than 7 cm. from 
the top. Total length 180 mm. 


Write for Bulletin No. 398. 








We are headquarters for other forms of Blood Sugar Tubes 
and Pipettes, as well as for the Van Slyke Improved Blood 
Gas Apparatus. For details on Van Slyke Apparatus, write 
for Bulletin No. 378. 








For other forms of Laboratory Apparatus, also for Chemi- 
cals, Drugs, Special Solutions and Stains, write advising 
your requirements. 


EIMER & AMEND 


EST. 1851 23 INC. 1897 
Headquarters for Laboratory Apparatus and Chemical Reagents 


NEW YORK, N. Y. 


THIRD AVE., 18th to 19th Sts. 
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SACCHARIMETER- 


that is accurate, simple and inexpensive 


gimeter and Saccharimeter methods are frequently avoided 
iochemical laboratories where they would be the logical choice 
use of the cost of a good instrument for such work. 


most research and all routine class work the ultimate accuracy 
tributed by costly optical facts is unnecessary and often even 
ssirable, since simplicity of mechanism is always of advantage. 
meet the need for a substantial well designed instrument for 
both as a saccharimeter and polarimeter to do work accurate 
hin the usual laboratory errors and still sell at a conveniently 
price, we offer our No. 10887. 


instrument is equipped with the usual Laurent quartz polar- 
and Nicol prism analyzer with two verniers reading on a cir- 

scale to 0.1 degree of arc.. It accommodates any tubes up 
00 mm. in length. 


as of percent. Glucose and a single division represent 0.1 


general simplicity of construction in this instrument and the 
demand for it, make possible a selling price of $125.00 


CentRAL Screntieic Company 


LABORATORY PGs Su PPLIES 
Apparatus teeter Chemicals 
460 E.Ohio St. Chicago USA 


all possible information relative to 
the use of apparatus as well as to its 
precise specifications. 

This catalog, which constitutes a 
valuable laboratory guide and hand- 
book as well as a buying directory, 
is mailed free of charge to individ- 
uals in official capacities with edu- 
cational institutions or in the labor- 
atories of commercial firms. 
Request catalog C 227-K giving us 
your name, title and address. 
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All Sections 
Adequately and accurately covered by ! 
ARLCO-POLLEN EXTRACTS i | 


for Diagnosis and Treatment 





















TREE HAYFEVER can kk 
accurately identified by skin tes 
with the pollens of locally preva 
lent trees and thereby differenti} wm ™ 
ated from the “common colds” 
of early spring. 


GRASS HAYFEVER begin : 
about the time tree hayfever ends 
viz. May 15th, and need not by} Hl 
confused with the earlier appear “ab 
ing and sometimes overlapping 
tree hayfever. 
WEED HAYFEVER—Augut ‘a 
to frost—is unrelated to the pre | 
viously occurring grass hayfewf} 1x. 
and is occasioned, according toth 
locality, by such late pollinating 
plants as the Ragweeds—Russiat 
Thistle—Western Water Hemp} No. 12 
—Carelessweed—or Sage Brush 





AN ARLCO-POLLEN COLLECTOR 


LIST of pollens for any section—any season—with commentary circulat 
discussing the treatment of hayfever by preseasonal or coseasonal method, 
with respective schedules of dosage—sent on request. 


Tue ARLINGTON CHEMICAL CompPaNY || Em 
Yonkers, N. Y. 507-55 
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WOLF BLOOD-TAKING TUBE 




























WOLF BLOOD TAKING TUBE 


PATENT APPLIED 


Ill. 


Instructions for Use 


FIG. III. 


“R.” container capacity of 50 cubic centimeters; “B,” 
tubulations; ““C,”’ ground nib; “D,” perforated stopper; 
“E,” trap containing cotton; “F,” rubber tubing; “G” 
mouthpiece; ‘‘H,”’ Luer needle. 

For the purpoge of elucidation in the use of the tube— 
To insure the positive exclusion of air it is advisable to smear 
a little vaseline around “‘C.” Connect “D,"” “E,” “F” and 
“G.” Insert “D” in “B” and connect “H” and “C.” 
Place the subject in a reclining position, — on the back 
(this prevents to a great extent cerebral anemia) with the 
arm from which the blood is to be taken, in a suspended po- 
sition. Select a prominent vein, sterilize the site, and apply 
the tourniquet. Place “‘G” in the mouth, produce suction, 
and insert the sterilized needle, taking the precaution to hold 
“B” upward (for if it is not in this position, the blood will 
gravitate into the tubulation and thereby be drawn into the 
mouth of the operator). 


Description 
SOME OF THE ADVANTAGES OF THIS TUBE ARE AS FOLLOWS 


Any size needle can be used. 

It can be sterilized in the tube proper (see Fig. I) or in a separate 

receptacle (see Fig. IT). 

The tube can be cleansed and used over again. 

It can be used for bacteriological (in which case, if desired, the blood 

can be drawn directly into the medium or pipetted) as well as chemical, 

serological, and other blood investigations. 

It is made to fit a 50 ce. centrifuge shield. 

Parts can be replaced independently. 

It is necessary to use but one hand, as the tube functions as a handle. 
lood is visible as soon as the needle pierces the wall of the blood 

vessel. 

The specimen is in such form as to allow of pouring from the tube 

into other receptacles and adding such chemicals as are necessary. 

Each tube has an etched space on which the patient’s name and any 

other notations can be made, thus avoiding the necessity of using 

paper labels. 


No. 12610 TUBE COMPLETE with stopper and 16 inches of rubber 


tubing with one tube for holding sterile needle, but without 
needle packed in cardboard carton with complete instructions 


for use. 
Ee eae ee een Poe Mee eee: $ 1.50 
I ee eee ee eee eee $15.00 


Write for Discounts in larger quantities 


Empire Laboratory Supply Co., Inc. 


507-559 W. 132nd Street New York City 
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GRINDING APPARATUS, Latapie, for Organs, Tumors, etc. Original French sug 
make. For grinding under aseptic conditions by means of pressure applied during the , 
cutting. The substances are ground with sufficient fineness for direct injection. strc 

The outfit consists essentially of a hollow cylinder with cutting discs at one end. The wit 
substance is fed into the cylinder through the opening at top and is gradually forced , 
against the cutting discs by turning the small wheel with the left hand. It is advisable the 
to dilute the substance with distilled water, which is introduced by pressure on the oua 
rubber bulb. The material is ground either by hand or by motor with pulley. The : 
liquid is collected in a flask placed under the tubulation to the right as shown Ox 
in illustration. lact 

All parts coming in contact with the tissue are of nickel plated brass, except the cut- 
ting discs which are of steel. The entire apparatus can be readily taken apart for clean- obt 
ing and the clamp shown in the foreground is intended for convenient handling during hov 
sterilization. 

For a recent reference to the use of this apparatus, see Alexis Carrel, M.D., ‘‘A Method bas 
for the Physiological Study of Tissues in Vitro,’’ The Journal of Experimental Medicine, seri 
Vol. XXX VIII, No. 4 (Oct. 1, 1923), p. 407 it 

Ww 

4289. Grinding Apparatus, Latapie, as above described, capacity approximately 70 . eae ..- $115.00 
EE nc ietnUaeGabehic tee aedhese Geek benewenehiemnssaenvisenh 4aden  ninnscanssousa que Elwru I 
Price subject to change without notice. sho 
hyc 
1 
’ 
ARTHUR H. THOMAS COMPANY lex 
F 
RETAIL—WHOLESALE—EXPORT 
LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE PHILADELPHIA, U. &. A. 
CABLE ADDRESS, “BALANCE,” PHILADELPHIA 
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THE DIGITALIS GLUCOSIDES. 
{, DIGITOXIGENIN AND ISODIGITOXIGENIN. 


By WALTER A. JACOBS anp EDWIN L. GUSTUS. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, May 3, 1928.) 


Our investigations on the structure of strophanthidin were 
begun a number of years ago with the hope that the information 
obtained would be useful in similar studies with other members 
of the pharmacological group of substances to which it belongs. 
As previously presented,’ the generally suspected close chemical 
relationship of many of these substances has been made more 
apparent by observations on their parallel behavior toward Tol- 
lens’ reagent and sodium nitroprusside. These results have 
suggested that the aglucones of this group are A*-lactones like 
strophanthidin in which the double bond may be found within or 
without the lactone ring. Attempts however to prove directly 
the presence of the A*’-lactone group in such substances as 
ouabain and the digitalis aglucones by the preparation of an 
oxime or a semicarbazone after gentle saponification of their 
lactone groups were without success. A similar result was also 
obtained with certain strophanthidin derivatives. Fortunately, 
however, a means has now been found to accomplish this object, 
based upon the method recently used in the isostrophanthidin 
series. In the present instance, we wish to present our experience 
with digitoxigenin. 

In the case of isostrophanthidin, its lactone group has been 
shown to be the inner ester of the lactol form of a y-hydroxyalde- 
hyde, and that its formation from strophanthidin involves the 


1 Jacobs, W. A., and Hoffmann, A., J. Biol. Chem., 1926, Ixvii, 333. 

* Jacobs, W. A., Hoffmann, A., and Gustus, E. L., J. Biol. Chem., 1926, 
Ixx, 1. 

* Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 1927, Ixxiv, 811. 
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disappearance of the double bond of the latter with the produc. 
tion of a new ring. It was at first believed that this isomeriza- 
tion was precipitated by a shift in the double bond induced by 
enolization of the aldehyde group of strophanthidin under the 
influence of alkali. But it has now been found that a number of 
these aglucones which do not contain free carbonyl groups may 
be isomerized by alkali. 

When digitoxigenin is dissolved in a methyl alcoholic solution 
of potassium hydroxide, the clear solution becomes, after a short 
time, a thick mass of lustrous, sparingly soluble crystals of a 
much higher melting point (271°) and proved to be of neutral 
character. Analysis showed the substance to possess, like digi- 
toxigenin, the formula C.;H;,0,;. Contrary to digitoxigenin, iso- 
digitoxigenin no longer gives the Legal test. On saponification it 
takes up 1 equivalent of alkali. When the solution of the salt is 
gently acidified with acetic acid a monobasic acid is obtained— 
isodigitoxigeninic acid. If an excess of mineral acid is employed, 
relactonization occurs with the reformation of isodigitoxigenin. 
Isodigitoxigeninic acid is identical with the so called dixgenic acid 
which was obtained by Kiliani* and Cloetta® over the sodium 
salt by the use of aqueous alcoholic alkali. Further study of 
isodigitoxigenin demonstrated that its relationship to digitoxigenin 
was similar to that already found between strophanthidin 
and its iso derivative, and that the transformations already re- 
ported in the case of the latter could be repeated exactly here. 
Contrary to digitoxigenin, isodigitoxigenin resembles _isostro- 
phanthidin and cannot be hydrogenated with palladium. The 
acid, isodigitoxigeninic acid, readily forms a methyl ester with 
diazomethane. This ester in turn was found to be the ester of a 
hydroxyaldehydo acid which may exist in either the free aldehydic 
or lactol form. On the one hand, the methy] ester readily formed 
a semicarbazone demonstrating the presence of the carbonyl 
group. On the other hand, if the ester in acetic acid solution was 
oxidized with chromic acid, it consumed exactly 2 atoms of oxygen 
with the formation of a neutral substance, C.,H;,0;, which differed 
from the original material employed, C2sH3s0;, by 4 hydrogen 


4 Kiliani, H., Arch. Pharm., 1899, ecxxxvii, 452. 
5 Cloetta, M., Arch. exp. Path. u. Pharmakol., 1920, lxxxviii, 138. 
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atoms. Although neutral in character, it was found to require 
2 equivalents of alkali when saponified, due to the presence of a 
newly formed lactone group in addition to the original ester group. 
As seen from the analysis and its ability to form a semicarbazone 
the lactone ester contains also a carbonyl group so that during 
its formation the secondary alcoholic group of digitoxigenin is 
simultaneously oxidized to a ketone. The lactone group of this 
substance, therefore, could have been produced only by oxidation 
of the lactol form of a hydroxyaldehyde. After saponification, 
this lactone ester yielded on reacidification to Congo red a beauti- 
fully crystallizing acid which separated slowly as relactonization 
occurred. This acid, isodigitoxigonic acid, exhibited the proper 
behavior towards alkali. On direct titration it required 1 
equivalent for neutralization, and on subsequent heating with an 
excess of reagent it consumed thie additional equivalent required 
by the lactone group. 

The analogy with isostrophanthidin was further confirmed by 
the behavior of isodigitoxigenin after saponification, that is as 
isodigitoxigeninic acid, towards hypobromite. This acid was 
oxidized presumably in the lactol form with the formation of the 
lactone acid, C23;H;,O;, or isodigitoxigenic acid which differs from 
the isodigitoxigonic acid described above by the retention of the 
secondary hydroxyl group. 

The results here obtained are exactly analogous to our experi- 
ence with isostrophanthidin and give direct chemical evidence 
of the A *: 7 character of the lactone ring of digitoxigenin. Fur- 
ther, this lactone ring is attached by its 6-carbon atom to a ring 
bearing a presumably tertiary hydroxyl group which in turn is 
most probably vy to the y-carbon atom of the lactone ring. Alter- 
native possibilities are given by placing the double bond A*:” either 
outside or inside of the lactone ring as shown in the partial for- 
mule (I) and (IV). In the case of formule (I) and (II) the oppor- 
tunity for cis-trans isomerism with reference to the tertiary hy- 
droxyl is shown and the possibility of this structural arrangement 
playing a réle in the isomerization of strophanthidin, digitoxi- 
genin, and other similar cardiac aglucones to iso compounds 
(III) will be discussed in another connection. 








Digitalis Glucosides. I 
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Parallel studies have been made with gitoxigenin, but in this 
case a complication has been encountered which will be described 
in a communication soon to be published. The analytical data 
obtained with the digitoxigenin derivatives agree best with the 
figures required for a C,; formula, thus confirming the more recent 
conclusions of Windaus' that digitoxigenin is a C2; derivative and 
not a Cs; compound as presented by Cloetta’ and then provisionr- 
ally accepted by Windaus and Freese.* Similarly, our analytical 
data obtained with the gitoxigenin and periplogenin derivatives 
have shown that these substances are likewise C.; derivatives. 
Further work is in progress on the oxidative degradation of these 
substances as well as with attempts at their further correlation 
with strophanthidin. It is of particular interest to determine 
how far the structural analogies among these substances may be 
developed. 

The digitoxigenin (digitoxin) employed in the present studies 


*Windaus, A., Nachr. Ges. Wissensch. Goettingen, Math.- physik. Klasse, 
1926, 170. 

7 Cloetta, M., Arch. erp. Path. u. Pharmakol., 1920, lxxxviii, 133. 

§ Windaus, A., and Freese, C., Ber. chem. Ges., 1925, lviii, 2503. 

*In a private communication, Professor Windaus has stated that digi- 
taligenin (dianhydrogitoxigenin) is also a C23 derivative. 
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was in part prepared by ourselves directly from digitalis leaves. 
But we are especially indebted to E. Merck and Company of 
Darmstadt to whose liberality we owe generous quantities of 
the insoluble by-product obtained in the manufacture of digi- 
toxin and from which we have prepared both pure digitoxin and 
gitoxin. 


EXPERIMENTAL. 


Isodigitoxigenin.—0.2 gm. of digitoxigenin was dissolved in 2 
ec. of a solution of potassium hydroxide in dry methyl alcohol 
(2.4 gm. per 100 cc.) and kept at 20°. After about 20 minutes, 
crystallization started and the mixture soon became a thick mass 
of glistening platelets. After 1 hour, the substance was collected 
and washed with 50 per cent alcohol. It proved to be neutral. 
The yield was 0.15 gm. Recrystallized from 95 per cent alcohol, 
it formed narrow platelets or needles which melted at 271°. It is 
very sparingly soluble in the cold, in methyl and ethyl alcohols, 
but is appreciably soluble in acetone and chloroform. It is practi- 
cally insoluble in ether. Contrary to digitoxigenin, it gives no 
reaction with nitroprusside. In sulfuric acid it dissolves with a 
slowly developing fluorescent yellow color. 

On acidification of the above alkaline mother liquor to Congo 
red, that portion of the substance which had undergone saponifica- 
tion was relactonized and proved to be identical with the isodigi- 
toxigenin directly obtained. 

In an attempt to hydrogenate isodigitoxigenin no hydrogen was 
absorbed. For analysis the substance was dried at 100° and 15 
mm. 


3.345 mg. substance: 2.800 mg. H.0, 9.030 mg. CO». 
Co3H3,04. Calculated. C 73.75, H 9.15. 
Found. “a, * Om. 


Isodigitoxigeninic Acid (Dixgenic Acid).4—Isodigitoxigenin was 
gently heated in 50 per cent alcohol with a slight excess of dilute 
sodium hydroxide solution until it was dissolved. After cooling, 
gentle acidification with acetic acid caused the deposition of the 
acid as broad, flat micro spears, which were completely soluble in 
dilute carbonate solution. This substance melted with effer- 














578 Digitalis Glucosides. I 


vescence on rapid heating at about 220°..° Upon recrystalliza- 
tion from 50 per cent alcohol, it separated as long, narrow plate- 
lets or broad, flat needles which were anhydrous and now melted 
at 250°.!° 

3.275 mg. substance: 2.785 mg. H.O, 8.405 mg. COs. 


C2;H;0;. Calculated. C 70.35, H 9.25. 
Found. “* 69.98, “‘ 9.51. 


Isodigitoxigeninic Methyl Ester—On treatment of a suspension 
of the acid in dry acetone with diazomethane it slowly dissolved. 
The residue obtained after removal of the acetone crystallized 
under methyl alcohol. This was completed by careful dilution, 
broad six-sided plates being formed. From a small volume of 
methyl] alcohol the ester slowly crystallized as beautifully formed 
prisms and tables about 0.5 em. long, which melted at 128°. Itis 
readily soluble in the usual solvents except ligroin. For analysis the 
ester was again recrystallized by dilution of its alcoholic solution. 


3.530 mg. substance: 3.010 mg. HO, 9.165 mg. CO». 
Co4H 350s. Calculated. C 70.88, H 9.43. 
Found. “ 70.80, “ 9.54. 


Isodigitoxigeninic Methyl Ester Semicarbazone.—0.1 gm. of the 
ester was dissolved in 10 cc. of alcohol and the solution was treated 
with 0.1 gm. of semicarbazide hydrochloride and 0.15 gm. of 
potassium acetate dissolved in 2 cc. of water. After standing 4 
days at ordinary temperature, the clear solution was cautiously 
concentrated in a desiccator. The initial deposition of a gum was 
followed on rubbing by slow crystallization. Recrystallized by 
careful dilution of its methyl alcoholic solution, it gradually 
crystallized as stout prisms and tables which slowly effervesced 
at 156°. The substance which contained solvent of crystalliza- 
tion was dried for analysis at 100° and 15 mm. 


4.260 mg. substance: 3.465 mg. H20, 10.036 mg. CO>. 
C235HyO3N3. Calculated. C 64 73, H 8.92. 
Found. “ae, ~* 9.8. 





Isodigitoxigonic Methyl Ester.—A solution of 0.7 gm. of isodigi- 
toxigeninic methyl ester in 15 cc. of acetic acid was cooled and 


10H. Kiliani gives for dixgenic acid the melting point, 220-230° (Arch. 
Pharm., 1899, ecxxxvii, 452), and M. Cloetta, 243-244° (Arch. exp. Path. u. 
Pharmakol., 1920, lxxxviii, 138). 
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treated with 3 cc. of Kiliani chromic acid solution (400 gm. of 
water, 80 gm. of H:SO,, and 53 gm. of CrO;). Oxidation was 
prompt and after 5 minutes the mixture which contained a definite 
excess of the reagent was diluted with water. Glistening leaflets 
of the neutral lactone ester separated. The yield was 0.6 gm. 
Upon recrystallization from dilute methyl alcohol, it again sepa- 
rated as leaflets which melted at 190° after preliminary softening 
and were practically anhydrous. The ester is easily soluble in 
chloroform, acetone, and alcohol, and is appreciably soluble in 
ether. In sulfuric acid the solution is practically colorless. 


4.660 mg. substance: 3.600 mg. H.O, 12.175 mg. COs. 
2.876 “ - : 2.230 “ “0 i—_—- * 

CouH3Os. Calculated. Cc 71 .60, H 8.52. 

Found (a). ‘“‘ 71.24, ‘* 8.64. 

(b). “* 71.42, “ 8.67. 


For the titration of the substance an as yet unpublished method 
devised by W. F. Goebel of the Rockefeller Institute was kindly 
placed at our disposal. For this purpose it was covered with 1 
ce. of alcohol and refluxed in an atmosphere of washed N with 3 
times the required 0.1 Nn NaOH solution for 4 hours and then 
titrated back with 0.1 N acid against phenolphthalein. 14.523 
mg. of substance consumed 0.720 cc. of 0.1 N NaOH. Calcu- 
lated for 2 equivalents, 0.722 cc. 0.1012 gm. of substance con- 
sumed 4.96 cc. Calculated for 2 equivalents, 5.03 cc. 

Isodigitoxigonic Acid.—On acidification of the above solutions 
to Congo red, the lactone acid slowly crystallized as leaflets. 
Recrystallized by careful dilution of the alcoholic solution, it 
formed thin, anhydrous platelets which melted at 212-213° after 
sight preliminary sintering. 

2.945 mg. substance: 2.195 mg. H2O, 7.710 mg. COs. 


C23H320;. Calculated. C 71.08, H 8.31. 
Found. ** 71.39, “* 8.34. 


11.622 mg. of substance were dissolved in 1 ec. of aleohol and 
directly titrated with 0.1 N NaOH. Found, 0.297 cc. Calcu- 
lated for 1 equivalent, 0.299 ce. 

The above solution was then treated with 1.4 cc. of 0.1 n NaOH 
and refluxed for 4 hours as described under the ester. Found, 
0.295 ec. Calculated for 1 equivalent, 0.299 ce. 
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Isodigitoxigonic Methyl Ester Semicarbazone.—0.1 gm. of the 
ester dissolved in 10 cc. of methyl aleohol was allowed to stand 
with a solution of 0.1 gm. of semicarbazide hydrechloride and 
0.15 gm. of potassium acetate at room temperature for several 
days. Careful dilution and evaporation gave at first a resin 
followed by slow crystallization. The collected substance was 
recrystallized by allowing the diluted methyl alcoholic solution 
to evaporate. The crystalline residue was collected with 70 per 
cent methyl alcohol. 

The semicarbazone forms practically anhydrous microscopic 
aggregates of plates and rods which melted with effervescence at 
243°. 

For analysis, the substance was dried at 100° and 15 mm. 


3.460 mg. substance: 2.616 mg. H.O, 8.286 mg. CO. 
Co5H3705N3. Calculated. Cc 65.31, H 8.12. 
Found. ** 65.30, ‘‘ 8.44. 


Isodigitoxigenic Acid —0.15 gm. of isodigitoxigenin was dis- 
solved in 2 cc. of pyridine and treated with 2 cc. of 0.5 N sodium 
hydroxide solution. The thick pap which formed cleared on gentle 
warming. After careful neutralization with acetic acid the 
cooled solution was treated with a solution of 0.15 gm. of bromine 
in 2.25 cc. of nN sodium hydroxide solution. After standing 1 
hour at ordinary temperature the reaction product was pre- 
cipitated with hydrochloric acid and the amorphous acid was 
collected with water. By careful dilution of its solution in a 
small volume of alcohol it slowly crystallized as tables and prisms 
which were collected with cold 50 per cent alcohol. The sub- 
stance which contained solvent of crystallization melted at 229° 
after preliminary softening and is readily soluble in alcohol, 
acetone, and chloroform and practically insoluble in water. In 
sulfuric acid it gradually forms a yellow solution which on long 
standing deepens to a deep green. 

For analysis the substance was dried at 100° and 20 mm. 


3.658 mg. substance: 2.926 mg. H.O, 9.424 mg. CO». 
C.;H3,O;. Calculated. C 70.72, H 8.78. 
Found. “ 70.21, “ 8.95. 


11.315 mg. of the lactone acid were treated with 1 cc. of alco- 
hol and directly titrated with 0.1 N NaOH against phenol- 
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phthalein. Found, 0.298 cc. Calculated for 1 equivalent, 


0.291 ce. 
The above solution was then treated with 3.5 cc. of 0.1 N 
NaOH and refluxed for 4 hours, and then titrated back. Found, 


0.311 ec. Calculated for 1 equivalent, 0.291 ce. 
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HYDROGEN ION CONCENTRATION OF FISH MUSCLE.* 


By C. C. BENSON. 


(From the Lillian Massey Laboratory of Food Chemistry, University of 
Toronto, Toronto, and the Atlantic Biological Station, St. 
Andrews, New Brunswick, Canada.) 


(Received for publication, May 3, 1928.) 


In connection with studies of rigor mortis, it seemed worth 
while to try to find a satisfactory method of determining the 
hydrogen ion concentration of the muscle. 

The quinhydrone method has proved very satisfactory for this 
purpose, for it allows rapid working and can be so arranged as to 
cause the minimum of injury to the tissue. Both of these condi- 
tions had to be met in these experiments, for Fletcher and Hopkins, 
(1), working with frog muscle have shown that injury to the tissue 
stimulates acid production, and Ritchie (2) and Simpson (3) 
have found for fish that muscle glycogen soon decreases after 
death, and lactic acid tends to increase very quickly. 

Attempts were made to use muscle, frozen with solid carbon 
dioxide, but without success, and colorimetric determinations 
with extracts did not give values of sufficient exactness. Muscle, 
frozen in test-tubes in a brine bath, was used to make cold (3-4°) 
water extracts. Extracts were made also by dropping the excised 
muscle into ice water and filtering. The pH of these extracts 
was taken, quinhydrone being used, but these methods were all 
troublesome. A few of such determinations are here shown, for 
the sake of comparison, in Table I, which also shows that results 
obtained by the procedure described below gave similar results 
to those obtained with the more elaborate manipulations. 

Most of the determinations were obtained by quickly cutting 
pieces of muscle from the fish immediately after it was stunned, 
covering a spot of the muscle with the powdered quinhydrone, 


*The experimental work was done at the Atlantic Biological Station, 
St. Andrews, during 1927. 
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and inserting a stout, bare platinum electrode in order to read the 
voltage against a calomel electrode with saturated potassium 
chloride connections. The readings were regularly made with 
two electrodes and gave the same values; sometimes the bridges, 


TABLE I 
Comparison of pH Determined in Different Ways. 
































| 
| 6.38 | | 6.4 | muscle into ice water. 
During. | 6.32 | 6.34 | 


pH 
omg | ae my Quinhydrone method. —— 
| On | With | With | thymol 
muscle. jextract.| juice. blue. 
Determinations with trawl-caught haddock. 
| | | | 
6 Before. | | 6.67 | | 6.4 | Muscle frozen in brine 
During. | | 6.67 | | 6.5 | bath, extracted with 
7 Before. | | 6.49 | 6.5 | water. 
During. | | 6.49 6.5 | 
10 | Before. | 6.86 | 6.80 | | | 
| | 
14 Before. | 6.70 Juice squeezed from 
| During. | 6.54 | 6.41 | muscle. 
After. | 6.50 | 
15 | Before. | | | 6.59 | 
| During. | 6.53 | | 
| After. | | 6.55 | 
9 Before. | | 6.28 | | Extract made by plunging 


After. | 6.43 | 6.47 





Determinations with minced beef. 





H: elec- 
trode with 
extract. | 





After. 6.27 | 6.25 6.23 





(of 3 per cent agar and saturated potassium chloride), were 
changed, and frequently readings were duplicated by changing 
the places where the bridges made connection, or where the 
quinhydrone was placed. 
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In general, values duplicated well but sometimes variations 
were found as shown in Table II. These variations are to be 
expected for there are indications that during rigor the musculature 
of the fish does not change as a whole, but rather that changes 
are progressive and proceed more rapidly in one place than in 
another. 

The chief difficulty experienced was in inserting the platinum 
electrode too deeply and so no doubt below the part of the tissue 
saturated with the quinhydrone. 

The matter of temperature correction has also been troublesome 
for unfortunately the room temperatures during July, 1927, were 
often high at St. Andrews, where the measurements were made, 
and the fish muscle was consequently in many cases cooler than 
was the calomel electrode, for which no means of temperature 
adjustment had been provided. Biilmann and Krarup (4) have 
worked out a temperature correction factor for the quinhydrone 
electrode, and temperature corrections for the calomel electrode 
are given by Clark (5). Dawson (6) makes use of a formula 
combining these two factors, 


0.4561 — 0.00014¢, 


v 
o It 
0.0541 + 0.0021, ~ 0.0541 + 0.002 *°” 





pH = 


where v = the reading in volts, ¢ = the temperature of the quin- 
hydrone electrode, and ¢; = the temperature of the calomel elec- 
trode. This formula has been used in calculations from the 
voltage readings. I have also recorded in Table II the millivolts 
actually read as I have not yet been able to verify fully this 
correction factor for low temperatures with preparations such as 
these. 


Trawl-Caught Fish. 


Determinations were first made with haddock caught by trawl, 
and a typical experiment of this kind is given in Table II. 

Other experiments of a similar kind gave values for pH as shown 
in Table III. At the bottom of this table are shown the times 
which the muscle took to reach maximum rigidity. These deter- 
minations were made at room temperature except in the case of 
Fish 12, which was kept in a cold chamber at 12° and was, there- 
fore, slower in becoming hard. The values enclosed in parentheses 
are those near maximum rigidity. 
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TABLE II. 
Determination of pH of Muscle of Trawl-Caught Haddock. 
Fish 13; stunned when caught; maximum rigor (12°) in 53 hours. 


















































: Temperature. 
_—— , Millivolts. pH 
t | hh 
min. °C. °C. 
3 16 21 53 6.85 
5 16 21 2 6.69 
9 17 21 59 6.75 
15 18 21 64 6.66 
30 21 21 64 6.69 
36 2 22 72 6.51 
hrs. 
23 22 22 65 6.63 
23 25 25 60 6.72 
3 25 25 56 6.74 
4 25 25 67 6.52 
5} 26 26 63,70 
24 22 22 72 6.51 
TABLE III. 
pH Values for Trawl-Caught Haddock. 
Time after stunning. Fish 6. | Fish 7. |Fish 11.| Fish 12. | Fish 14. Fish 15. | Fish 20. 
min. | 
3 6.67 | 6.54 | 6.64] 6.56 | 6.67 
9 6.94 | 6.75 6.74 
hrs. 
4 6.62 | 6.62 6.70 | 6.59 | 6.66 
1 6.64 | 6.51 6.72 
2+ (6.67)* 6.49 6.40 (6.54)| (6.53)) (6 68) 
3+ 6.54 (6.49) | 6.40 | 6.44 | 6.57 
4+ 6.40 | 6.50 6.41 6.70 
54 6.49 6.49 6.42 6.66 
20+ 5.54 6.51 6.54 | 6.53 
Maximum rigor 
lita occkas oon 3—hrs. | 3+hrs. 6 hrs. | 3 hrs. 2+ hrs 3 hrs. 








* The figures in parentheses denote values near maximum rigidity. 
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Penned Fish. 


The muscle of fish, taken from a pen after 2 weeks or so of 
quiet, was found to have an alkaline reaction and to change as 
shown in Table IV. 

From these measurements it is evident that the hydrogen ion 
concentration of muscle is very different for haddock taken from 
the pen (rested muscle) as compared with that from trawl-caught 
fish (fatigued muscle). As was to be expected, with penned fish, 
we find the muscle in alkaline condition; but with trawl-caught 
fish, the muscle is already near its condition of maximum acidity, 
due no doubt to the lactic acid produced by struggling. 


TABLE IV. 
Determinations of pH of Muscle of Haddock from Pen. 














Time after stunning.| Fish 10. Fish 16. Fish 17. Fish 21. Fish 22, | Fish 23. 
min 
3 7.30 7.09 7.16 6.92 7.28 7.30 
7 7.31 6.91 6.94 6.80 6.94 7.10 
hre. 
4 7.28 7.03 6.88 6.74 6.87 6.96 
4 7.26 6.98 6.88 6.80 6.74 6.93 
1+ 7.13 6.85 6.83 6.85 6.90 6.91 
2+ 6.88 6.75 6.74 6.74 6.81 7.00 
3 6.86 6.94 6.71 
4 6.56 6.74 6.85 
7 6.54 
8 6.56 
9 6.48 
19 6.53 
Maximum rigor 
ES 16} hrs.* 16 hrs.* 























* Rigor measured at 12°. 


Acidity and Rigor. 


The maximum acidity seems, however, to be reached before 
the muscle showed marked evidence of rigor, and an examination 
of the variations of pH as compared with the increase and de- 
crease of rigidity, indicates that, while the lower concentrations 
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of acid at the time of death are associated with the slower progress 
of rigor mortis, this condition of stiffening does not make itself 
evident with any definite change of pH value. 

These determinations thus fit in with the conception of rigor 
mortis as a process indirectly related to the accumulation of lactic 
acid. When one compares the pH values with conditions of 
rigor mortis, at corresponding times, as found by Panton (7) 
and others, there is little obvious relationship except that noted 
by Leim, Macleod, and Simpson (8). This is the fact that 
the penned fish, which have much higher initial values for pH, 
pass into rigor much more slowly. 

We thus see by actual measurement that the muscle of fish, 
when they are taken from the pen, is alkaline in reaction. The 
reaction changes soon to neutrality or to a faintly acid condition 
and then gradually grows more acid, probably to a pH of about 6.5 
or possibly 6.4, though unfortunately it was not realized in time 
that it was wise to continue experiments long enough to see this, 
and the low value was only measured in two cases. With these 
fish, rigor was found to develop very slowly, but reached its 
maximum some time after the time of greatest acidity. 

With trawl-caught fish, the muscle was never alkaline, when the 
fish were taken from the line. The amount of the acidity varied 
from a pH just at the neutral point to a value of between 6.5 
and 6.6. The acidity increased, but not always regularly, and the 
minimum values of pH did not correspond with the onset of 
rigidity or its maximum. The accumulation of acid seems to be 
initiating some other change, which brings about the stiffening. 


pH of Muscle of Hake, Cod, Eel-Pout, and Skate. 


In Table V are also given results for a few determinations of 
pH with other species of fish, all caught by trawl. 

These values agree in general with estimations of lactic acid 
made’ by Ritchie (9), who noted lower values of lactic acid for cod, 
than for haddock, and less change in reaction with change in 
condition of rigidity. He found still lower values for lactic acid 
in hake. 

Further work should be done with skate muscle. 
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TABLE V. 
Determination of pH of Muscle of Fish (Trawl-Caught). 
































Time after stunning.| Hake 2. | Hake 3. Cod 1. Cod 2. |Eel-pout.| Skate 1. | Skate 2. 
min 
6 7.06 7.12 
hrs. 
3 7.33 6.53 6.82 
3 7.22 6.97 6.84 
3 7.28 
1 7.20 6.54 6.56 
2 7.24 6.96 6.76 6.54 6.65 6.50 
3 7.16 6.90 6.29 
4+ 7.10 6.34 
5+ 7.22 mt 7.08 6.44 6.40 
Maximum rigor ' 
REIS Ree 1} hrs. 23 hrs. 





Degree of Acidity. 


In regard to actual values for pH, these are of the same order 
of magnitude as those found for cat and for invertebrate muscle 
by Furusawa and Kerridge (10). Their measurements, taken 
immediately after death with quickly frozen muscle, varied 
between pH 6.98 to 7.13, with values, after 20 to 24 hours, of pH 
6.10 to 6.52. The pH of 6.10, for tail muscle of Scyllium canicula, 
is lower than any of the values found for haddock muscle, where 
the lowest value for pH was usually about 6.40. In one case 
only, Haddock 9 (Table I), the value was as low as 6.28. 


SUMMARY. 


1. A method is described by which it has been possible to make 
consecutive measurements of hydrogen ion concentration of 
muscle over long periods at as frequent intervals as were needed. 

2. Determinations of pH of haddock muscle show that fatigued 
muscle (trawl-caught) is acid at the time of death, may become a 
little more so, but varies only slightly during the changes of 
rigidity. The concentration of hydrogen ions is, therefore, not 
the cause of rigidity. 

3. Determinations of pH with rested muscle of haddock (fish 
taken from a pen) showed an alkaline reaction. This soon changed 
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to the acid side and then gradually became more acid, approaching 
the values found for trawl-caught fish. 

4. The pH of hake muscle (two tests) was alkaline during 5 
hours after death, and never gave an acid reaction. 

5. The pH of cod muscle (two tests) was near the neutral point 
and varied only slightly. 

6. The muscle of skate grew slowly more acid in one experiment, 
of 44 hours, while the muscle of an eel-pout, which had been out 
of water for 3 hour and apparently dead for } hour, showed an 
acid value for pH during 5 hours of testing. 
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THE SOLUBILITY IN THE STOMACH AND DUODENUM 
OF ALUMINUM COMPOUNDS FOUND IN 
BAKING POWDER RESIDUES. 


By VICTOR C. MYERS anp JOHN A. KILLIAN, 


(From the Department of Biochemistry, New York Post-Graduate Medical 
School and Hospital, New York.) 


(Received for publication, April 28, 1928.) 


The question has repeatedly been raised as to whether alumi- 
num, when ingested with the food in an insoluble or largely 
insoluble form such as found in baking powder residues, goes into 
solution in the stomach. At the time this study was undertaken 
(1924) the evidence on this point was very limited, although a few 
in vitro and in vivo experiments had been conducted. The litera- 
ture has recently been reviewed by Smith (1). 

Experiments were accordingly carried out on human subjects 
to answer this question. Hospital patients, suffering from dis- 
orders which would not influence the results of this study, were 
given test breakfasts consisting of approximately 100 gm. of bis- 
cuit raised with several aluminum baking powders, together with 
400 ec. of water. The biscuits were baked for us in the hospital 
diet kitchen. At the end of 1 hour the gastric contents were 
siphoned off and analyzed. 

The gastric contents were filtered through heavy, folded filter 
paper, the fluid being returned to the filter if not water-clear. 
The acidities were titrated with the Tépfer method, while the pH 
was estimated with the aid of the Myers bicolorimeter, thymol 
blue being used as the indicator. Aluminum was determined by 
the Schmidt-Hoagland (2) method, the precipitates being washed 
with 1 per cent ammonium phosphate as suggested by Balls (3). 
This method was carefully checked and seemed well suited to the 
problem at hand. As an additional check on the composition of 
the aluminum phosphate precipitate, the phosphorus in the pre- 
cipitate was determined by the Benedict and Theis (4) colori- 
591 
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metric method and from this the amount of aluminum calculated. 
Excepting two experiments, the agreement was very close. 








TABLE I. 
Gastric Analyses on Subjects Receiving Baking Powder Biscuits. 
pa a Baking Gastri 
Supiet [iced | Maiecehat | contents | pt | Free uci. | , Totl 
ingested. withdrawn. anty 
gm. gm ce per cent per cent 
1 100* 0 110 1.3 34 62 
2 100 0 88 25 52 
3 92 6.07 180 2.2 16 72 
4 89 5.87 250 2.4 6 4] 
5 72 1.15 195 1.9 16 54 
6 63 1.00 350 1.4 30 54 
7 102 1.63 284 1.4 28 53 
8 95 1.52 180 2.4 7 42 
9 104 2.84 280 : 2a 22 70 
10 "101 2.75 140 3.0 0 50 
1] 68 1.85 87 2.1 16 42 
12 93 2.53 190 3.0 0 34 
13 88 1.24 | 200 
14 83 1.17 345 0 54 
15 89 1.2 214 
16 102 1.44 280 
17 94 1.33 200 18 39 
18 108 1.94 175 21 50 
19 94 1.78 210 26 65 
20 64 1.12 200 





* Subjects 1 and 2 served as controls and received ‘‘soda’’ crackers and 
yeast bread respectively, Subjects 3 to 8 received biscuits baked with a 
combination acid calcium phosphate-sodium aluminum sulfate baking 
powder, while the biscuits given to Subjects 9 to 20 were raised with the aid 
of two different brands of straight sodium aluminum sulfate baking powder 
The biscuits given to Subjects 3 and 4 contained 4 times the amount of bak- 
ing powder required. 


DISCUSSION. 

It is believed that the gastric analyses recorded in Table I are 
fairly representative of what might be found in hospital patients 
after an Ewald meal containing the amount of bread and water 
administered. It will be noted in Table II that the gastric contents 
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removed contained in soluble form from 2 to 20 per cent of the 
aluminum administered, if the analysis of the filtered gastric 
contents may be considered as giving the soluble aluminum. In 
six of the subjects the total aluminum present in the gastric con- 
tents removed was also determined. This permitted the calcu- 
lation of the percentage of soluble (filtrable) aluminum in the 


Soluble 2 


TABLE II. 


Aluminum in Gastric Contents from Baking Powder Residues. 





| | 
| Soluble | Soluble | 























— Al in | Alin | Total Soluble Al caleu- | Al in per | Soluble 
Subject | baking | Steeda | Alin | Alin | lated cent of | Alin per 
No. | powder ingested. | gastric | gastric from the | total Al of| cent of Al 
| used. | contents. | contents.; P of gastric | ingested. 
AIPO,. | contents. | 
per cent mg. mg. mg. | mg. 
1 0 0 0.12 
2 0 0 0.07 
3 1.52 92.0 14.6 14.5 15.9 
4 1.52 89.0 8.1 9.1 
5 1.52 17.3 3.3 3.3 19.1 
6 1.52 15.1 0.4 0.4 2.7 
7 1.52 24.6 2.2 2.3 8.9 
8 1.52 22.8 2.1 1.3 9.2 
9 2.23 63.4 12.5 10.3 19.7 
10 2.23 61.4 1.0 0.8 1.6 
ll 2.23 41.3 1.7 4.1 
12 2.23 56.6 1.5 1.7 2.7 
13 3.58 44.7 14.1 1.4 9.9 3.1 
14 3.58 42.1 27.7 9.1 32.9 21.6 
15 3.58 45.2 23.8 4.7 19.8 10.4 
16 3.58 51.8 21.9 1.4 6.4 2.7 
17 3.58 47.7 23.2 8.6 37.1 18.0 
18 | 3.58 | 69.0 3.2 4.6 
19 | 3.58 | 63.9 | 20.7 11.1 53.6 17.4 
20 | 3.58 | 40.3 | 2.8 7.0 














gastric contents. In the six subjects it varied from 6 to 54 per 
cent and averaged 27 per cent. As will be noted in the tables, 
there does not appear to be any direct relationship between the 
gastric acidity and the amount of the soluble aluminum. 

If absorption of aluminum takes place, it probably does not occur 
in the stomach. For this reason observations were made on the 
content of aluminum in the duodenal contents of four subjects 
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after they had received 63 mg. of aluminum, on the average, in 
the form of baking powder biscuits. The duodenal contents were 
withdrawn with the aid of a duodenal tube inserted from 85 to 
100 cm. The soluble aluminum in the four cases was 0.13, 0.55, 
0.80, and 0.82, calculated as mg. of Al per 100 cc. In the last two 
cases the total Al per 100 cc. was 7.47 and 2.74 mg., indicating 
solubilities of 10.7 and 29.9 per cent respectively. Although our 
observations on duodenal contents are quite limited, when con- 
sidered in connection with similar data on the gastric contents, 
it would seem that they admitted of but one interpretation: 
namely, that on the average about 25 per cent of the aluminum of 
baking powder residues found in the stomach and duodenum are 
present in soluble form. Despite this fact the absorption of 
aluminum appears to be extremely slight (5, 6). 


SUMMARY. 


The solubility in the stomach of aluminum compounds found 
in baking powder residues has been studied in eighteen subjects. 
With an ingestion of 15 to 90 mg. of aluminum from 0.4 to 14.6 mg. 
have been found in the gastric contents in soluble form, compris- 
ing from 2 to 20 per cent of the amount ingested. In six of the 
subjects the total aluminum of the gastric contents was also 
determined. The soluble aluminum, calculated on the basis of 
the amount actually present in the gastric contents, varied from 
6 to 54 per cent, averaging about 25 per cent. The solubility 
of the aluminum did not seem to bear any direct relation to 
the gastric acidity. Somewhat similar observations were made 
on the solubility of aluminum in the duodenal contents of four 
subjects. 
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THE ESTIMATION OF ALUMINUM IN ANIMAL 
TISSUES.* 


By VICTOR C. MYERS, JAMES W. MULL, anv DEMPSIE B. 
MORRISON. 


(From the Departments of Biochemistry, the State University of Iowa, Iowa 
City, and the School of Medicine, Western Reserve 
University, Cleveland.) 


(Received for publication, April 28, 1928.) 


The question of the absorption of aluminum from the alimentary 
tract and its presence in various tissues, when diets both with and 
without aluminum were fed, has been a topic of discussion for 
many years. No definite attempts were made to answer these 
questions, however, until about 1911 when several studies were 
reported from Gies’ laboratory. Steel (1), Kahn (2), and later 
Balls (3) attempted to ascertain the presence of aluminum in 
normal tissues and studied the influence of ingested aluminum. 
Both Steel and Kahn employed the method of the Assqciation of 
Official Agricultural Chemists, slightly modified (4), while Balls 
used the later Schmidt and Hoagland (5) method. This method 
was also employed by the Referee Board (6) to estimate the 
aluminum content of the blood of subjects receiving aluminum 
from baking powder residues. The Schmidt-Hoagland method, 
in particular, is a most excellent one when the quantities of 
aluminum are sufficient for accurate gravimetric work, as for 


* The data presented in this and the two following papers are taken from 
the dissertations submitted by James W. Mull and Dempsie B. Morrison to 
the Graduate College of the State University of Iowa, July, 1927, and June, 
1928, in partial fulfilment of the requirements for the degree of Doctor of 
Philosophy. 

A report of the work given in this and the three following papers was 
presented before the American Society of Biological Chemists, at Ann Arbor, 
Michigan, April 12, 1928. A preliminary report of the method was pre- 
sented before the Iowa Branch of the Society for Experimental Biology and 
Medicine, February 2, 1927 (Mull, J. W., Morrison, D. B., and Myers, 
V.C., Proc. Soc. Exp. Biol. and Med., 1927, xxiv, 476). 
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example in the feces of aluminum-fed subjects (7), but the 
amounts of aluminum present in animal tissues are so small, and 
the inorganic constituents so large, that the data which have been 
reported with this and other gravimetric methods are of question- 
able value. 

Since our work was completed a book by Smith (8) on aluminum 
compounds in foods has appeared, in which figures for a number of 
unpublished analyses are given. Some of these harmonize with 
our findings very well, notably those of Killian (9) and Gray (10), 
The former employed the Schmidt-Hoagland method, while the 
latter used the Atack (11) alizarin method, slightly modified. 

In the present study a delicate colorimetric method has been 
used, which, although less accurate than gravimetric methods where 
large amounts are to be determined, is unquestionably better 
suited to the estimation of minute amounts of aluminum in 
animal tissues. Three very delicate color reagents for aluminum 
have been described: alizarin by Atack (11) in 1915, the ammonium 
salt of aurin tricarboxylic acid by Hammett and Sottery (12) in 
1925, and morin by Schantl (13) in 1924, the last named having 
thus far been used only in a qualitative way. The method of 
Hammett and Sottery, with certain modifications, has proved most 
suitable, the aurin being less affected by slight changes in the acid 
concentration and showing less tendency to salt out than the 
alizarin used by Atack. 

The amount of aluminum present in biological tissues is so 
small, in comparison with the other inorganic constituents, 
especially iron, that it was found necessary to remove these before 
making the colorimetric tests. The ordinary methods of separa- 
tion proved quite inadequate for this as the small amounts of iron 
left are sufficient to give a color with the dye so similar to that of 
aluminum as to invalidate the results. It was later found that, 
although iron must be completely removed before the development 
of the color reaction, it must be present at the time of the first 
precipitation of the aluminum, otherwise the aluminum is not 
completely precipitated. The following method of separation and 
subsequent estimation has been worked out and found to be 
entirely successful for the purpose. 
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Method. 


Digestion of Tissues.—The tissues to be analyzed are digested 
wotil all organic matter has been destroyed in Pyrex or silica 
fasks of a capacity convenient for the amount of tissue employed. 
50 gm. of tissue may be handled in 300 cc. flasks, but this amount 
requires careful manipulation. Blanks run with both Pyrex and 
silica flasks have shown that either are suitable for the work. The 
digestions are made with a mixture of concentrated sulfuric acid 
and 60 per cent perchloric acid, roughly in the proportion of 1 to 
1.25, with an amount that will keep the material semiliquid at all 
times. A few silica chips are an aid in overcoming the bumping 
which is apt to occur as the water vapor is driven off, just before 
charring, but which is usually not severe. The flasks are heated 
with a very low flame, so that the-contents barely boil, the flame 
being removed if the action becomes intense. This method 
prevents a rather violent exothermic reaction which otherwise 
takes place, accompanied by a tremendous evolution of fumes. 
During the course of the digestion the material chars, becomes 
thick, then begins to clear up, the final product being a water- 
clear liquid, which generally contains a fine white deposit. This 
liquid should be concentrated to a small volume, 5 cc. or less. A 
suction tube, introduced part way down the neck of the flask, 
markedly accelerates this operation by removing the heavy acid 
fumes which are otherwise driven off with difficulty. 

Removal of Iron and Salts.—The digested product, including the 
precipitate which is loosened with a glass rod and partially dis- 
solved in concentrated HCl, is transferred to a volumetric flask 
and made up to volume. If a very little aluminum is expected 
the whole of the digestion is used, otherwise an aliquot is taken. 
The amount used is pipetted into a 50 cc. conical centrifuge tube and 
1 mg. of ferric iron added, if the amount of iron in the tissue is very 
small. The contents are then diluted to about 15 cc. with distilled 
water, neutralized with ammonium hydroxide, 1 drop of very 
dilute methyl red being used as indicator, and 1 ce. of a saturated 
solution of ammonium acetate added. 

The tubes are then placed in a boiling water bath for 10 minutes 
or more, until the precipitate has begun to settle, centrifuged, 
and the liquid decanted off and discarded. This removes all the 
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soluble salts. The precipitate is dissolved as completely 4s 
possible in 1 cc. of 6 N HCl, with warming when necessary, and 
the solution diluted to 15 ce. To this solution, cooled to room 
temperature, is added 1.25 ce. of glacial acetic acid and 5 ee. of 
6 N NaOH prepared from metallic sodium (special aluminum-free), 
With occasional agitation the tubes are allowed to stand an hour, 
to insure complete precipitation of the iron and separation from 
aluminum, then, after washing down the sides with distilled 
H,0O, they are centrifuged, and the liquid decanted into 50 ce, 
Nessler tubes. 

Development of the Color —To the solution in the Nessler tubes 
are added 1.1 cc. of 6 N HCl and 0.75 ce. of glacial acetic acid and 
the volume made up to between 35 and 40 cc. with distilled water, 
A 0.1 per cent solution of the ammonium salt of aurin tricar- 
boxylic acid! is then added in the proportion of 1 cc. for each 0.01 
mg. of aluminum, the tubes inverted, and thoroughly shaken. 
10 minutes are permitted for the formation of the lake in this 
acid solution, after which it is neutralized with an ammonium 
hydroxide-carbonate mixture. This is made by dissolving 180 
gm. of (NH,)2CO; in 420 ec. of concentrated NH,OH and 1700 ce. 
of water. 5 cc. of this mixture should bring the pH of the deter- 
mination to between 7.0 and 7.3, but the amount may be varied if 
necessary. After the mixture is inverted and shaken thoroughly, 
the colors are compared against standards, the full length of the 
Nessler tubes being used. It is advisable to shake and invert all 
the tubes a fixed number of times in order that the evolution of CO; 
may be as nearly uniform as possible. The bubbles formed by the 
escape of this gas make the use of a colorimeter rather unsatis- 
factory. At first we employed a 100 mm. Duboseq colorimeter 
but later, owing to the bubbles and lightness of the colors, we 
abandoned this in favor of the 200 mm. Nessler tubes. 

Fresh standards? are prepared for each determination. These 


1 Prepared by dissolving 1 gm. of aurin tricarboxylic acid (Eastman) in 
about 200 cc. of water and 2.5 cc. of concentrated NH,OH and making up to 
lliter. The solution should not be left exposed to the light. 

2 A stock aluminum standard may be prepared by dissolving 3.5018 gm. 
of potassium alum in distilled water and diluting to 1 liter. 50 cc. of the 
stock solution make a liter of a standard, containing 0.01 mg. of Al in 1 ce. 
Our potassium alum was five times recrystallized and carefully dried over 
CaCl, under reduced pressure. 
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difer by 0.005 mg. of aluminum and cover the desired range, 
usually from 0.005 mg. to 0.035 mg., although from 0.00 to 0.06 
mg. may be used. They are made by taking the necessary 
amounts of the standard aluminum solution, prepared from 
recrystallized potassium aluminum sulfate, and adding the same 
reagents used in the unknowns; 7.e., 5 ec. of NaOH, 2.1 ce. of 
6n HCl, 2 ce. of glacial acetic acid, the correct amount of dye, and 
ammonium hydroxide-carbonate mixture. The comparisons are 
made as soon as the bubbles pass off. The pH of the solutions 
is then taken colorimetrically, phenol red being used, and all 
tubes falling outside the range of 7.0 to 7.4 are discarded. 


DISCUSSION. 


It is of the greatest importance in using the method described 
to have pure reagents. The digesting acids must be free from 
aluminum and all materials used in the later steps must be free 
from iron as well. Satisfactory sodium hydroxide is particularly 
difficult to obtain. Only that prepared from metallic sodium can 
be used, and some brands of this contain enough iron or aluminum 
to make them unsuitable. The aurin tricarboxylic acid must be 
carefully tested, as some of the preparations on the market do not 
give good color lakes. Ammonium hydroxide which has stood for 
some time in glass may give a test for aluminum and in this case 
should be redistilled before being used. 

The amount of aluminum present in the digestion as used 
is usually so small that it cannot, of itself, be precipitated by 
ammonium hydroxide. In the presence of iron, however, the 
precipitation is quantitative. It is therefore necessary to add 
iron to the aliquots taken, unless it is already present, even though 
it must be removed later to prevent interference with the aurin 
aluminum color lake. The effectiveness of the precipitation is 
also increased by the presence of the acetate ion with both the 
NH,OH and NaOH. In the latter case satisfactory removal of 
the iron is entirely dependent on the amount of acetic acid used. 
Increasing the proportion causes loss of aluminum, while a decrease 
permits iron to go through. 

In applying this method a number of limitations must be taken 
into consideration. First it is designed for very small amounts 
of aluminum. Determinations are not accurately made with 
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amounts of 0.1 mg. of aluminum or more and we personally find 


the range below 0.06 mg. preferable. We do not, therefore, - 
recommend this method when the aluminum content exceeds 1.0 & 


mg. per 100 gm. of tissue. 

The nature and amount of the other inorganic constituents are 
also limiting factors. If the precipitate resulting from the 
neutralization with ammonium hydroxide is too great to be 
dissolved in 1 ec. of 6 N hydrochloric acid, even after dilution to 
15 ec., the determination is impossible with the directions given. 
Similarly, if the iron precipitated by the sodium hydroxide forms 
a bulk of over 3 ec., after it has been centrifuged, it will hold P 
aluminum and produce inaccurate results. 

The most probable source of error in the method is apparently 
that of contaminations introduced during the digestion. We have 
checked this in several ways. The acids have been tested sepa- 
rately and have been found aluminum-free. Blanks have been — 
run in which no tissue was used, to which not only iron but, at 
times, magnesium and calcium phosphate were added. These 
tests seem to check, and show a total of not more than 0.01 mg. of — 
aluminum present in the entire digestion mixture. Since this 
amount represents a contamination present in almost all material, 
we have considered the digestion method satisfactory. The eas 
failure to find very little, if any, aluminum in certain tissues, 
notably blood, seems to strengthen our position. 

The possible introduction of aluminum with the reagents 
subsequently used is of no consequence, since the same amounts 
of these reagents are also used in the standards. ‘There remains 
the possibility of loss of aluminum, or of the presence of some other 
element that will form the color lake. The former possibility has 
been checked by adding aluminum to samples and carrying them 
through the process; the latter by making an analysis, adding 
aluminum to another aliquot, and finding the calculated total on 
the basis of the first analysis. It is improbable that any other 
element in the tissues would escape elimination and give a color 
addable to that of aluminum. Additional evidence is supplied by 
spectrograms of the digested material (kindly furnished by Dr. 
QO. S. Rask) which show the lines characteristic of aluminum. 

In Table I are presented experiments which show that iron, — 
calcium, magnesium, and phosphate are removed with sufficient 
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TABLE I. 





Checks on Purity of Reagents and Removal of Other Elements. 





















































Materials added. 
Con- oleae: 
OPO. | Fe | trated Cas(PO.): CaCl: Al 
H2S0,. 
ce. mg. ce. mg mg 
0.25 0.3 1 0.01 | 0.01 
0.25 0.5 1 0.01 | 0.01 
0.25 0.6 1 0.01 | 0.01 
0.25 1.0 1 0.01 | 0.01 
1.0 1 0.001 
1.0 1 0.005 | 0.005 
Present. 0.5 Present. 0.000 
0.3 0.01 | 0.01 
0.3 Present. | 0.02 | 0.02 
Present. 0.3 - 0.02 | 0.02 
1.0 1 Present. 0.015 | 0.015 
1.0 1 0.005 | 0.005 
TABLE II. 
Checks on Digestion and Recovery of Added Aluminum. 
Materials present. 
Al found. 
H2SO, HC10, Tissue. Al 
ce. ce. gm. mg. mg. 
15 20 0.01 
15 20 0.01 
15 20 Liver. 50.5 0.03 
15 20 s 52 0:05 0.092 
20 25 Kidney. 49.5 0.023 
20 25 - 47.0 0.05 0.073 
20 25 Heart. 50.8 0.120 
20 25 “ 51.2 0.05 0.160 
20 25 Liver. 40.0 0.080 
20 25 ™ 40.0 0.10 0.176 
20 25 Heart. 40.0 0.036 
20 25 “a 40.0 0.07 0.100 
20 25 Liver. 40.0 0.066 
20 25 ” 40.0 0.07 0.130 
3 5 Blood. 5.0 0.005 
3 5 " 5.0 0.01 0.013 
3 5 5.0 0.02 0.024 
3 5 ” 5.0 0.03 0.033 











*5 mg. of Fe added. 
t5 mg. of Fe, 10 mg. of Mg, and 25 mg. of Ca; (PO,): added. 
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TABLE III. 
Checks on Final Colorimetric Readings. 
. P Alin 5 cc. of digesti 
Al t of t a gestion 
oe Al added. | Al found. | many wen | 
cc. mg mg. mg. 
10 0.01 | 0.012 0.001 
15 0.007 0.002 
5 0.01 0.1 
5 0.01 0.022 0.012 
5 0.01 0.022 0.012 
10 0.005 0.0025 
15 0.007 0.0023 
10 0.005 0.009 0.002 
10 0.005 0.011 0.003 
10 0.008 0.004 
10 0.007 0.0035 
5 0.01 0.012 0.002 
5 0.002 0.002 
5 0.005 0.007 0.002 
10 0.007 0.0035 
10 0.007 0.0035 
15 0.008 0.0026 
5 0.01 0.012 0.002 
5 0.005 0.014 0.009 
10 0.019 0.0095 
5 0.013 0.013 
5 0.005 0.018 0.013 
4 0.011 0.013 
5 0.012 0.012 
5 0.012 0.012 
5 0.01 0.022 0.012 
5 0.005 0.017 0.012 
10 0.025 0.0125 
0 0.010 
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completeness to prevent interference with the final colorimetric 
reading. Excessive amounts of calcium give too great a precipitate 
to be dissolved in the 6 N HCl, as mentioned above, while phos- 
phoric acid decolorizes the aurin. The amounts of these elements 
found in the tissues, however, have not been large enough to 
cause this difficulty. The table also indicates the freedom from 
aluminum of the sulfuric acid and iron solution used. 

Table II gives some checks on the method of digestion, showing 
the small amount of aluminum found after the reagents have been 
carried through the process, and the recovery of aluminum added 
before digestion. In these cases the same samples of tissue were 
employed and the two digestions carried on simultaneously. 

Table III includes a few of the checks made on the final readings 
by adding aluminum to aliquots of each digestion. The recovery 
of the calculated total shows that there is no loss of aluminum 
during the process, and that the color formed by the unknown is 
addable to that of aluminum. Use of different amounts of the 
digestion material is a further proof that the determinations are 
quantitative. 


SUMMARY. 


A colorimetric method of estimating the minute amounts of 
aluminum, which may be found in the various body tissues and 
fluids, is described. The essential features of the method are: (1) 
the digestion of the tissues with a sulfuric-perchloric acid mixture, 
(2) the precipitation of the aluminum along with a very small 
amount of iron and the subsequent complete separation from 
the iron, and (3) the development of a color reaction upon the 
aluminum with the ammonium salt of aurin tricarboxylic acid. 
The method is adequate for estimating the aluminum present in 
tissues under various conditions; 7.e., amounts varying from less 
than 0.01 to 0.5 mg. per 100 gm. of tissue. It is not suited to 
amounts of aluminum exceeding 1.0 mg. per 100 gm. of tissue. 
Owing to the delicacy of the method only reagents of the very 
highest purity can be used, but with suitable reagents and careful 
manipulation the error of the method should not exceed 10 per 


cent. 
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THE INFLUENCE OF THE ADMINISTRATION OF ALUMI- 
NUM UPON THE ALUMINUM CONTENT OF THE 
TISSUES, AND UPON THE GROWTH AND 
REPRODUCTION OF RATS. 


By VICTOR C. MYERS anp JAMES W. MULL. 
(From the Department of Biochemistry, State University of Iowa, Iowa City.) 


(Received for publication, April 28, 1928.) 


Experiments have been carried out on rats for the purpose 
of studying the influence of aluminum administration upon the 
content of aluminum in the tissues, and upon growth and 
reproduction. 


EXPERIMENTAL. 


The animals used, a mixture of pied and albino rats, were fed 
the same stock diet.!. No effort was made to select a diet free 
from aluminum, but rather an adequate normal diet. The con- 
trols received only the stock diet while the experimental animals 
received in addition 2 mg. of aluminum per rat daily in a small 
biscuit made of flour and water, sweetened with saccharin, and 
dried in an oven until quite hard. This amount of aluminum, in 
the form of potassium aluminum sulfate, represents an average of 
8 mg. of aluminum per kilo of body weight, and is 2 to 3 times that 
which the Referee Board (1) considered a large amount. All 
aluminum diet rats were kept on this diet for at least 100 days 


1The diet consisted of: cracked yellow corn; soy beans, cooked 30 
minutes under 20 pounds steam pressure; NaCl and Ca;(PO,)2; together 
with about 25 cc. of pasteurized milk, 0.4 gm. of raw liver, 0.2 gm. of pow- 
dered Yeast Foam Tablets, and 3 drops of cod liver oil per rat per day. The 
salts were added to the cooked beans, 1 tablespoonful of each to a quart of 
beans. Roughly 3 parts of corn to 1 of beans were fed in the amounts the 
animals would take each day. No exact measures were made of the milk, 
liver, or yeast, but amounts approximating the quantitites stated were fed 
toeach animal. The cod liver oil was added to the milk. Fresh water was 
supplied daily. 
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before being sacrificed for analysis. After the first generation 
the young were raised, weaned, and at once put on the experimen- 
tal diet, so that they received the aluminum-containing biscuits 
from the time of weaning. The animals were killed for analysis 
by bleeding under ether anesthesia. 


TABLE I. 
Control Rats. 

















nae | rf " | Ave 
Z Tissue. | Animas. | griseus, | Amal | aly ae 
2nd Liver. 6 44.5 3 | 0.21 

2nd - 6 34.5 2 0.07 

3rd ‘ | 8 20.0 3 | 0.23 | 

3rd “ | 5 | 4.0 | 2 | 0.14 

4th “ | 8 60.5 2 | 0.06 | 0.14 
2nd Heart and tongue. 12 18.0 2 | 0.29 

3rd < « «4 | 5 | 80 1 | 0.11 

4th oc « « | gs | 12.0 1 0.09 | 0.16 
4th Thyroid. 8 7.0 | 1 | 0.18 | 0.18 
2nd Adrenal and kidney. 12 17.0 | 3 | 0.15 | 0.15 
2nd Spleen. |} 12 9.0 3 | 0.29 | 0.29 
Qnd | Lung. | 12 12.0 3 | 0.00 

4th | gs | 12.0 1 | 0.13 | 0.06 
2nd | Brain. | 12 | 15.0 | 3 | 0.00 | 

4th | “ | 8 13.0 1 | 0.09 | 0.05 
Ist | Fetal young. ; 10 | 30.0 3 | 0.33 | 0.33 
2nd Young rat. 1 | 9.0 3 0.14 | 

Ond “« 4 | 17.5] 2 | 0.23 | 
2nd | “ « | 5 | 17.0 3 | 0.33 

2nd | “<< « |} 1 | 120 | 2 | 0.10 | 0.20 
3rd_ | Blood. 3 | 21.0 | 2 0.05 

3rd " 5 35.5 | 2 | 0.07 

4th |  « | 8 | 65.0 | | 0.06 | 0.06 





Aluminum Content of Tissues of Rats. 


In making the analyses it was found necessary to combine the 
same tissues from animals in the same group in order to have suffi- 
cient material for satisfactory analytical work. The estimations 
of the aluminum were made by the method described in the preced- 
ing paper (2). The results obtained on the rats on the control 
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TABLE II. 
Rats on Aluminum Diet. 


V. C. Myers and J. W. Mull 












































Genera- Tissue. Animale.| fismue, | Anak | AL | “ane 
™ 100 - 100 gm. 

Ist Liver. 4 33.0 2 0.19 

Ist 5 3 29.5 2 0.30 

2nd = 4 25.0 2 0.23 

2nd ss 3 22.0 3 0.23 

3rd " 12 101.0 4 0.11 

4th ™ 8 63.5 2 0.12 0.19 
Ist Heart. 7 7.5 1 0.24 

2nd = 7 6.0 2 0.23 

3rd wis 12 11.0 1 0.12 0.20 
2nd Tongue. ae 5.5 2 0.00 

3rd sag 12 9.0 1 0.10 | 0.05 
4th Heart and tongue. 8 13.0 1 0.12 | 0.12 
8rd_-| Thyroid. 12 11.0 1 | 0.21 

4th - 8 7.5 1 0.16 | 0.19 
Ist Kidney and adrenal. 7 13.0 1 0.00 

2nd - as 7 7 11.0 3 0.00 

3rd - ” ss 12 21.5 1 0.10 | 0.03 
Ist Spleen. 7 7.5 1 0.10 

2nd “ 7 6.0 2 0.00 

3rd = 12 10.0 1 0.05 | 0.05 
Ist Lung. 7 10.0 1 0.00 

2nd “ 7 10.0 2 0.00 

4th “ 8 12.5 1 0.14 | 0.05 
Ist Brain. 7 11.5 1 0.39 

2nd = 7 9.0 2 0.00 

3rd ” 12 21.0 1 0.15 | 0.18 
3rd Fetal young. 6 33.5 3 0.00 

4th = ” 23.0 1 0.09 | 0.05 
2nd Young rat. 1 13.0 1 0.15 

3rd 7 - 5 23.0 3 0.06 

3rd as . 5 24.0 1 0.12 

3rd - 6 22.0 2 0.14 

3rd Blood. 12 106.0 3 0.00 

4th oe Ss 67.5 3 0.01 | 0.00 
Ist Testes. 4 11.0 1 0.36 

2nd = 3 8.5 3 0.00 

3rd . 5 13.0 1 0.12 

th |  « 4 11.0 1 | 0.09 | 0.14 














608 Al Effect on Growth and Reproduction 


diet are presented in Table I. There is considerable variation 
between the different analyses made, but it is believed that the 
averages furnish a fairly reliable index of the amounts of aluminum 
to be found in the different tissues. Similar determinations on the 
aluminum diet rats are givenin Table II. There are no outstand- 
ing differences. In ‘many cases the variations within the group 
are greater than those between the groups. However, the livers 
of the diet animals do run slightly higher in the maximum and 
minimum figures as well as in the average. The same is true of 
the brain tissue. Concerning other tissues no conclusions can be 
drawn. 
TABLE III. 
Rats on Aluminum-Free Diet. 














G | , lie Tissue | Anal- | Al | Average 
No. | Tissue. Animals. | dlacmed. med | found. “in 
} | 

| | mm | | Tidus | tr 

1 Liver. | 3 23.5 | 2 | 0.13 | 
2 | 5 51.5 | 2 | 0.03 | 0.08 
2 Heart and tongue. 5 10.5 1 0.06 | 0.06 
2 Kidney and spleen. | 5 16.0 1 | 0.07 | 0.07 
2 Lung. | 5 | 8.0 1 | 0.09 | 0.09 
2 Brain. | 5 | 9.5 | 1 | 0.20 | 0.20 
2 Blood. | 5 | 50.0 3 | 0.02 | 0.02 





Since our experiments were completed a paper has appeared by 
Flinn and Inouye (3) in which they discuss the distribution of 
aluminum, copper, nickel, tin, and zinc in the various organs of 
the body when these metals are given in the food. Rats were used 
as the experimental animal and received 2 mg. of the metal a day. 
The analytical figures which they have given appear to be some- 
what higher than those which we have found. It is difficult to 
compare their findings with our data, however, in view of the fact 
that in most cases their figures are given in mg. per rat instead of 
mg. per 100 gm. of tissue. They make no mention of the analytical 
methods which they employed. 

A few rats, raised by Dr. Amy L. Daniels of the Child Welfare 
Research Station, on a diet as free from aluminum as possible, were 
analyzed. The results, given in Table III, show small amounts 
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of aluminum still present, indicating that it is either retained in 
the body or that it is very difficult to exclude from the food. The 
amount found in the brain in this case seems out of harmony with 
the other tissues and therefore may be open to question. 

In order to study the effects and fate of aluminum when present 
in the body, several rats were injected intraperitoneally with 4 mg. 
of aluminum in the form of the potassium aluminum sulfate. No 
ill effects were observed, the animals continuing to gain normally 
and function as before. Analyses of the tissues and excretions, 
given in Table IV, show in particular a marked increase in the 
aluminum content of the liver, with elimination by the intestines 


TABLE IV. 
Rats Receiving Aluminum by Intraperitoneal Injection. 








; Alin ea 
. A t D aft t f 
Material. digested. Al found. — — a. —” . 
gm. 100 om. mg. 
1 liver. 11.0 9.20 1.01 2 
;* 10.5 7.25 0.76 5 
Blood and organs. 31.5 0.29 0.09 2 
” m ” 32.0 0.26 0.08 4 
Feces. 7.5 9.73 0.73 9 day output. 
" 2.0 10.00 0.20 | 3 day output, 2nd 
to 5th. 
ce. 
Urine. 31 0.32 0.10 3 day output, 2nd 
to 5th. 

















and probably to a small extent by the kidneys. It was not possible 
to rule out completely the contamination of the urine with the 
feces. These findings indicate that aluminum can be transported 
in the body, apparently by the blood stream. The large amount 
of aluminum in the liver would suggest its excretion into the in- 
testines in the bile. 


Influence of Aluminum upon Growth and Reproduction. 


During the course of this work four generations of animals were 
raised, and the fifth weaned. Growth in both the control and 
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aluminum-fed groups was above Donaldson’s (4) normal for male 
and female. In Fig. 1 are given the composite curves entirely 
typical of the second, third, and fourth generations. Since the 
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Fic. 1. The composite growth curve includes all the adult animals of the 
second, third, and fourth generations, distributed as follows: control 
group, second generation 4 males, 8 females; third generation 4 males, 6 
females; fourth generation 2 males, 3 females; experimental group, second 
generation 3 males, 9 females; third generation 4 males, 6 females; fourth 
generation 3 males, 3 females. In addition to the stock diet each experi- 
mental rat received 2 mg. of aluminum per day. 


first generation is not included, all the experimental animals 
represented were subject to the effect of the aluminum diet from 
the time of their conception. The only manifestation brought 
out by the curves, however, is a slightly more rapid initial growth 
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with the aluminum-fed stock. It is of interest in this connection 
that as early as 1913 Osborne and Mendel (5) reported significant 
traces of aluminum, fluorine, and manganese in milk and found 
that when traces of these elements were added to their inorganic 
salt mixture better growth was obtained. Daniels and Hutton 





















































TABLE V. 
Influence upon Reproduction of Addition of Aluminum to Diet. 
Diet No. of | Average} Young | Average | Per cent 
females.| age. born. litter. | raised 
First litters. 
| days 
eae oe ail Subuaiee 16 106 86 5.4 66 
EE RO Tee ae One ee | 23 104 150 6.5 40 
Second litters 
Ne Daa aad hou wee Rae ae 3 25 8.3 64 
CN a bic boy atc pau aianieanel 6 56 9.3 78 
TABLE VI. 
Influence of Addition of Aluminum to Diet upon Excretion of Feces and Urine. 
Day. Feces. Urine. 
ia No. of J of ] rin 
rats. | weight. — Amount | Daily | Amount | Daily 
* | eollected. |average.| collected. |average. 
gm. gm. gm. ce. ce. 
ree 4 272 7 35.5 | 1.27 
Ne ESR ae 4 281 7 34.5 | 1.23 
i aerate 4 212 2 8.5 | 1.06 
Abemimum.. ... <2... 1 340 2 4.0 | 2.00 
Eee 4 212 2 37 4.6 
PIII, . 5 0.000000 4 234 2 43 5.4 
i cknrocieel 4 226 2 43 5.4 
PN. a ciccccenns 4 256 2 34 4.3 


























(6) have shown that the addition to milk of these elements present 
in milk in low concentration, viz. aluminum, fluorine, and man- 
ganese, together with silicon, seem to be essential to satisfactory 
reproduction, an observation which has been confirmed by Mitchell 
and Schmidt (7). In view of our observations on the influence of 
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aluminum on growth (Fig. 1), the following statement of Hubbel] 
and Mendel (8) regarding zinc is interesting; viz., “The slightly 
favorable effect of adding 0.02 mg. was more evident with the 
females than with the males.” 

Comparisons on reproduction are made in Table V. Free 
intercourse was permitted until after the birth of the first litters, 
which came quite early. These were of normal size, the number 
still-born was almost negligible, and the percentage raised fairly 
good for the first litters. 

Marked improvement is shown in the second litters, though due 
to lack of space fewer of these could be permitted. It is evident, 
however, that the diet was not the cause of the low percentage 
reared in the first litters, since such marked improvement was 
made during its continuation. One female, of the second genera- 
tion, successfully raised eight young out of ten after 326 days on 
the aluminum diet, indicating no cumulative effect. 

A comparison of the urinary and fecal excretions is shown in 
Table VI. The daily averages are almost the same when the 
collections were made over the same periods of time from males of 
about the same size and age. The stools were always formed, and 
no evidence of diarrhea was noted at any time. Similarly the urine 
was normal, no proteinuria being observed. 

No abnormalities were noted grossly at autopsy and all animals 
appeared healthy. The animals having received the intraperi- 
toneal injections showed no evidence of it. That their bodily 
functions were unimpaired is shown by the fact that they not only 
continued to grow at a normal rate, but were bred and bore young 
as before. 


SUMMARY. 


The aluminum content of the tissues of rats has been determined 
on four groups of animals: (1) on a control diet, (2) on a diet with 
a high aluminum content, (3) on an aluminum-free diet, and (4) 
following the intraperitoneal administration of aluminum. 

Minute traces of aluminum are present in the tissues normally 
and these show only a slight increase on a diet containing con- 
siderable aluminum. Aluminum persists in the tissues even on an 
aluminum-free diet. 

Following intraperitoneal administration, aluminum is found 
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in increased amounts throughout the body, the largest amounts 
apparently being in the liver. It appears to be excreted chiefly 
by way of the intestine. 

For the liver the average findings of aluminum per 100 gm. of 
tissue were: (1) control diet 0.14 mg., (2) aluminum diet 0.18 mg., 
(3) aluminum-free diet 0.08 mg., and (4) aluminum administered 
intraperitoneally 8.22 mg. 

Observations have been made covering four generations of 
rats receiving 2 mg. of aluminum in the form of potassium alumi- 
num sulfate per rat daily in addition to the stock diet. The growth 
curves of these animals compare well with those of the controls, 
the only difference being that the aluminum-fed rats show a 
slightly greater initial growth. So far as could be ascertained 
the addition of aluminum to the diet was without other influence. 


Addendum.—Since the present study was completed and submitted for 
publication, a paper has appeared by McCollum, Rask, and Becker (9) 
on a study of the possible réle of aluminum compounds in animal and 
plant physiology, in which the rat was employed as the experimen- 
tal animal. They noted no deleterious action of aluminum compounds 
upon growth, reproduction, or general well being of the animals. They 
employed the spectrographic method to estimate aluminum, but obtained 
essentially negative results on the tissues of both the control and 
aluminum diet rats. 
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THE INFLUENCE OF THE ADMINISTRATION OF ALUMI- 
NUM UPON THE ALUMINUM CONTENT OF THE 
TISSUES OF THE DOG. 


By VICTOR C. MYERS anp DEMPSIE B. MORRISON. 
(From the Department of Biochemistry, State University of Iowa, Iowa City.) 


(Received for publication, May 16, 1928.) 


In the study of the absorption of aluminum from the alimentary 
tract reported in the preceding paper (1) the rat was employed 
as the experimental animal. Owing to its small size and to the 
minute amounts of aluminum found to be present in animal tissues, 
the rat did not prove to be an ideal animal for this work, despite 
the very great delicacy of the analytical method used. For this 
reason a second study was undertaken on dogs. 


The dog was the experimental animal employed in the experiments 
conducted by Steel (2), Kahn (3), and Balls (4) in Gies’ laboratory to which 
reference has already been made (5). Although their analytical methods 
were scarcely adequate to determine the very small amounts of aluminum 
present, still they constitute the most serious attempt of the time to answer 
the questions raised. In general it would appear, however, that their 
analytical data are quite too high, probably by reason of the inadequacy 
of the methods employed. Steel (2) carried out eleven experiments in 
which from 50 to 200 mg. of aluminum were administered to dogs either in 
the form of potassium aluminum sulfate or in baking powder biscuits. 
After 3 hours, blood was withdrawn and analyzed by the method of the 
Association of Official Agricultural Chemists, slightly modified (6) and 
found to contain 0.1 to 0.8 mg. of Al per 100 gm. of blood.!’ From this he 
concluded that ‘‘aluminum in comparatively large amounts promptly 
passed into the blood.”’ A little later Kahn (3) conducted experiments on 
three dogs to which from 15 to 25 mg. of Al were administered daily in baking 
powder biscuits, employing the same analytical methods as Steel. He 
found as high as 11 mg. of Al per 100 gm. in bile and pancreas in individual 
instances with an average of 0.7 mg. of Al per 100 gm. of blood and 1.9 mg. 
per 100 gm. of liver. He concluded that aluminum passes in considerable 





1 When the data in the literature have been given in terms other than 
aluminum they have been recalculated. 
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amounts into the blood, accumulates to some extent in various parts of the 
body, and is excreted partly in both the bile and the urine. About 6 years 
later Balls (4) carried out analyses on the tissue of normal dogs and on dogs 
receiving aluminum, two animals being given aluminum in the form of the 
phosphate and two in baking powder biscuits. The Schmidt and Hoagland 
method (7) for aluminum was used. In the control group six samples of 
blood and a number of different tissues were analyzed, but with one ex- 
ception, a sample of blood giving 0.05 mg. of Al per 100 gm. of blood, all 
of the results were regarded as being beyond the accuracy of the method. 
The blood of the aluminum-fed animals averaged about 0.1 mg. of Al per 
100 gm., but wide variations were encountered in the aluminum content of 
the other tissues, the bile for example varying from 0.5 to 6.6 mg. of Al 
per 100 gm. Balls concluded: ‘‘Aluminum is absorbed by dogs from food 
containing aluminum phosphate, and from bread baked with alum baking 
powder. Much of this aluminum is speedily eliminated, some is retained, 
replacing part of the iron occurring normally in the tissues.’’ In 1924 
Killian (8) carried out tissue analyses with the Schmidt-Hoagland method 
on a dog which had received 190 mg. of aluminum daily for 7 weeks in the 
form of baking powder biscuits. The following results calculated in mg. 
of Al per 100 gm. of tissue were obtained: serum, 0.13; clot, 0.05; gall- 
bladder and bile, 0.89; kidneys, 0.23; bones, 0.03. Before the aluminum 
diet was instituted the serum showed 0.04 mg. and the clot 0.06 mg. Al- 
though Killian did not regard the results dependable, owing to the minute 
amounts of aluminum found, his results show fair agreement with the 
figures reported in the present paper. Employing a modified Atack alizarin 
method Gray (9) obtained the following results on two normal dogs in 
individual or combined analyses calculated as mg. of Al per 100 gm. of 
tissue: blood 0.12, 0.14; kidney 0.60, 0.54; liver 0.50, 0.70; gallbladder 0.41; 
spleen 0.22; testicle 0.10; pancreas 0.10; bone marrow 0.72, figures which we 
believe too high in several instances. 


EXPERIMENTAL. 


The analytical method described in an earlier paper of this 
series (5) was applied to the tissues of normal dogs and dogs 
receiving aluminum. Asa rule, when 40 gm. of tissue were avail- 
able this amount was used for digestion, and color developments 
made on the equivalent of 12 gm. of tissue unless the aluminum 
content was known to be small, when larger amounts were em- 
ployed. Most of the analyses on the normal dogs were made in 
triplicate, aluminum being added to one or two samples in each 
determination as a check on its recovery. 

Aluminum Content of Tissues of Normal Dog.—With one ex- 
ception the eight contro] dogs were obtained from the Department 
of Pharmacology after use in various experiments, in none of which 
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inorganic salts were employed. The animals had been fed on 
scraps obtained from the hospital diet kitchen. 

A summary of these results is presented in Table I. It will 
be noted that the highest content of aluminum was found in the 
liver, followed by the heart, kidney, and spleen. In two other 
normal dogs (Nos. 9 and 10) 6.1 gm. and 5.3 gm. of bile were 
analyzed and gave 0.33 and 0.38 mg. of Al per 100 gm. respectively. 

Aluminum Content of Tissues of Dog on Diet Containing Added 
Aluminum.—The animals used in this series of experiments were 
all mature dogs, procured from various sources. They were of no 
particular breed and their previous history is unknown. All of 


TABLE I. 
Aluminum Content of Tissue of Normal Dog. 




















Liver. Heart , Kidney. Spleen. 
Dog No. 
Mg. Al per 100 gm. tissue. 
1 0.16 0.10 0.06 0.07 
2 0.18 0.12 0.07 0.08 
3 0.10 0.10 0.11 0.07 
4 0.31 0.17 0.14 0.03 
5 0.10 0.11 0.06 
6 0.12 0.10 0.07 0.04 
7 0.08 0.02 0.03 0.05 
8 0.17 0.17 0.12 0.14 
Average.... 0.15 0.11 0.08 0.07 











Aluminum figures of 0.04 mg. and below are regarded as too small to be 
reliable. 


the animals, with the exception of Dog 11 which was accidentally 
killed by a puncture of the coronary artery while blood was being 
taken, were kept on the diet for approximately 90 days. The diet 
consisted of a cooked mixture of hashed beef (with some bone), 
corn-meal, and oatmeal to which a little salt was added. In 
addition to this stock diet Dogs 11 to 16 first received a sufficient 
number of biscuits raised with baking powder containing aluminum 
to be equivalent to 230 mg. of aluminum daily. Dogs 17 and 18 
received 7 gm. of aluminum phosphate in their food daily, the 
aluminum phosphate being thoroughly incorporated in the stock 
diet, the amount of which was always less than the amount the 
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dogs consumed at one feeding. After the food containing the 
aluminum phosphate was eaten additional stock diet was given 
to satisfy each animal. All animals were fed once daily at 11 a.m, 
The animals ate well, were always healthy, and appeared to thrive 
on the diet. 

At the completion of the diet period, the animals were killed 
by bleeding from the femoral artery while under ether anesthesia. 


TABLE II. 
Aluminum Content of Tissues of Dogs Receiving Aluminum. 
























































iain tid gn atin ini 11 12 13 14 15 16 | 17 18 | Aver- 
—s#sé< SEES: 8.5 14 14.3 15 ll 17.6 | 16.2 15 age. 
Tissue or fluid. Mg. Al per 100 gm. tissue or fluid. 

cranial 0.04! 0.17| 0.04] 0.04! 0.04| 0.04, * 
eS 0.39] 0.28) 0.16) 0. 46| 0.33] 0.50| 0.33) 0.35 
ile aR: 0.35] 0.33] 0.19] 0.20] 0.12! 0.33 0.25] 0. 42! 0.27 
Intestine............-. 0.43 0.27] 0.18| 0.32] 0.35] 0.31 
Stomach...... ; 0.25) | | 
a i aa 0.13} 0.03] 0.12} 0.10} 0.04! 0.09) 0.04) 0.04) 0.07 
ARE 0.01] 0.01 0.01 0.02| * 
i Lae 0.07| 0.10| 0.14! 0.25 0.15] 0.12] 0.08) 0.13 
TIS 0.21 0.10 0.13| 0.10] 0.12| 0.05] 0.17} 0.12 
ERE 0.18} 0.04} 0.04) 0.05] 0.09] 0.12] 0.16) 0.10 
Pancreas............+- 0.12} 0.13] 0.10] 0.12} 0.11] 0.08) 0.04! 0.10 
SE die sudavkiedinnied 0.15 0.04] 0.04) 0.04] 0.06) 0.04) 0.17] 0.08 
“RSE | 0.08 0.12) 0.17 0.04 0.08) 0.10 
ER 0.04) 0.04) 0.04! 0.04! 0.04) 0.04) * 
ae eee 0.14) | | | | 








Dogs 11 to 16 received 0.23 gm. of aluminum daily for 90 days (excepting 
Dog 11 which was accidentally killed earlier) in biscuits raised with a baking 
powder containing aluminum, while Dogs 17 and 18 had 1.55 gm. of alumi- 
num in the form of AlPO, daily incorporated in their food. 

* Figures of 0.04 mg. and below are regarded as too small to be reliable. 


No food was given the animals for 26 to 32 hours preceding the 
bleeding. The tissues were handled very carefully to prevent 
any contamination. The urine analyzed was obtained by cath- 
eter. The averages of duplicate analyses are summarized in 
Table II. Although the intake of aluminum in these animals 
was comparatively high, 17 mg. of Al per kilo for Dogs 11 to 16 
and 105 mg. per kilo for Dogs 17 and 18, still there is relatively 
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little difference in the aluminum content of the tissues from that 
found in the control group, except in the case of the liver, where 
the average is 0.27 mg. instead of 0.15 mg. of Al per 100 gm. The 
figures for the bile, however, are the same for both the control 
dogs, Nos. 9 and 10, and Dogs 12 to 18 on the aluminum diet, 
namely 0.35 mg. per 100 gm. It is of some interest that the heart 
and muscle appear to contain slightly more aluminum than the 
brain, pancreas, or lungs, while the kidney contains less, and the 
figures obtained for the urine are too small to attach any sig- 
nificance to them. 

Absorption and Excretion of Aluminum.—Several experiments 
have been carried out dealing with the absorption and excretion 
of aluminum. The absorption of aluminum salts was studied in 
one experiment from intestinal loops, two experiments were 
conducted on the time of elimination of injected aluminum, while 
two experiments were made to ascertain the excretion of injected 
aluminum by way of the bile and the urine. 

For the intestinal loop experiments a dog weighing 10 kilos 
(Dog 19) was employed. A section of the intestine about 18 
inches long was irrigated with warm physiological saline until 
the return was perfectly clear, then divided into two loops with 
the aid of broad tape ligatures so as to interfere as little as possible 
with the mesenteric circulation. Cannule were inserted through 
small incisions, tied in place, and 25 ec. of a warm solution of 
potassium aluminum sulfate in physiological saline injected. 
Unfortunately a part of the solution in the second loop was lost 
by a peristaltic contraction before it could be closed. The loops 
were replaced in the abdomen and the wound closed. After 3 
hours the loops were removed. The aluminum had apparently 
precipitated on the mucosa in curdy lumps. The first loop was 
thoroughly cleaned and the aluminum content determined by the 
Schmidt-Hoagland method (7). The loop was found to contain 
130.5 mg. of aluminum in comparison with 130.2 and 129.9 mg. 
determined in 25 cc. of the solution with the same method, thus 
indicating a complete lack of absorption. 

The aluminum content of the tissues of two dogs was studied 
after the intravenous and intraperitoneal injection of potassium 
aluminum sulfate. The data are presented in Table III. It will 
be observed that a marked retention of aluminum existed after 8 
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days and that considerable aluminum was present in Dog 21 after 
the lapse of 34 days. The aluminum appears to have been well 
distributed, although the largest amounts were found in the 
abdominal muscle and skin. In harmony with the findings 
reported in the preceding paper (1) the figures for the aluminum 
content of the liver are very high. However, the aluminum 


TABLE III. 
Analysis of Tissue after Injection of Aluminum. 



































Dog 20. Dog 21. 
Tissue or fluid. Amount/Aliquot Al or “a Aliquot| Al 
di- ana- 1- ana- 
gested. | lyzed. found. outed. ieeed. found. 
om. | om. [76 26] om. | om. | Be 
Re a8 eg a ae 54.0] 5.4|0.18} 40 | 12.0} 0.06 
EEA Rete eee ne ne ee 12.5 | 12.5 | 0.32 9 9.0 | 0.44 
EES eae ae eee eee 40.0 | 1.6] 2.25] 40 3.2 | 0.87 
PD, cccactiaceseveseerssvec Gee Conn Aa 
go tS a nanexedsase neha aed 40.0} 1.6] 1.56} 40 6.0 | 0.33 
EES eee eae 40.0 1.6 | 2.00 | 40 6.0 | 0.60 
Abdominal muscle................| 40.0 | 0.8] 4.38 | 20 2.0 | 1.15 
“ Siicsancssssendied 31.0} 0.6 | 5.64} 20 | 2.0/0.9 





Dog 20, a female weighing 8.6 kilos, was given intravenously 25 cc. of 
warm (37°) sterile physiological saline containing 5 mg. of Al in the form of 
potassium aluminum sulfate on Nov. 15 and 16, 1927, and intraperitoneally 
on each of the 12 following days, a total of 70 mg. of Al. Beyond the slight 
irritation from repeated punctures no ill effects were observed. The 
animal was killed by bleeding 8 days after the last injection. 

Dog 21, a female weighing 10.6 kilos, was given 70 mg. of Al, the first 
5 mg. injection being made intravenously on Nov. 16, 1927, while the re- 
maining thirteen injections were given intraperitoneally on successive days. 
The animal showed no ill effects from the injections but 1 month later, 
possibly due to overheating and drafts in the animal house, developed a 
respiratory infection and died 3 days later, 34 days after the last injection. 


content of the bile is practically normal, and thus furnishes no 
evidence of an increased excretion of aluminum in the bile. Un- 
fortunately the specimens of urine were lost. In comparison 
with the observations on the diet animals it is significant that here 
appreciable amounts of aluminum were present in the blood of 
both dogs. The large amount of aluminum still present in the 
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body after periods of 8 and 34 days indicates a rather slow elimina- 
tion of aluminum when once present in the body, and furnishes 
little support to the view that appreciable amounts of aluminum 
are absorbed from the alimentary tract. 

In an attempt to demonstrate the excretion of injected alumi- 
num in the bile two experiments have been performed. Two 
unfed female dogs, Dog 22 weighing 10.4 kilos, and Dog 23 weigh- 
ing 9 kilos, were given 1.5 gm. of urethane per kilo of body weight. 
As soon as the urethane had taken effect, ether was given, a 
tracheal cannula inserted, and the gallbladder exposed by a median 
incision of the abdominal wall. The gallbladder was ligated and 
the common bile duct cannulated from the lumen of the intestine. 


TABLE IV. 
Influence of Intravenous Administration of Aluminum upon Aluminum 
Content of Bile and Urine. 




















Animal No. Fluid. eh oot Aliquot used. Al found. 
gm. gm. mg. per 100 gm. 
22 Gallbladder bile. 5.3 5.3 0.38 
Cannula = 7.5 2.25 0.44 
Urine. 15.0 4.5 0.67 
23 Gallbladder bile. Lost. 
Cannula - 14.6 14.6 0.23 
| Urine. 20.0 5.0 0.40 





The cannula bile was collected over a period of 3} hours in Dog 22 and 
44 hours in Dog 23. 


30 ec. of 0.35 per cent hydrochloric acid were injected into the 
intestine posterior to the opening of the bile duct to stimulate the 
flow of bile, and the bile collected. The femoral vein was next 
exposed and 100 cc. of warm (37°) physiological saline containing 
10.84 mg. of aluminum as aluminum chloride were injected. A 
catheter was also inserted into the urinary bladder and the urine 
collected. 

At the close of the experiment the ligated gallbladder was 
removed and the contents analyzed as normal bile. 

The data obtained are summarized in Table IV. It seems 
hardly proper to compare the cannula bile with the bladder bile 
since the latter is normally 6 to 10 times more concentrated. 
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However, in Dog 22 the cannula bile is found to be slightly richer 
in aluminum. The figures for the urine are so high that they 
would suggest the kidney as one path for the excretion of alum- 
inum, at least when appreciable amounts are present in the blood, 


DISCUSSION. 


Traces of aluminum are present in the tissues of the normal 
dog. Of the tissues analyzed, heart, kidney, spleen, and liver, 
the latter contained the largest amount, averaging in eight animals 
0.15 mg. of Al per 100 gm. The administration of relatively large 
amounts of aluminum has practically no influence upon the 
aluminum content of the heart, kidney, spleen, and bile, although 
in the case of the liver there appears to be a very slight but definite 
influence, the average figure for eight animals being 0.27 mg. of 
Al per 100 gm. The figures obtained for the aluminum content 
of the blood are so small as to be within the limits of experimental 
error of the method. 

When a small amount of aluminum (70 mg.) was administered to 
dogs intravenously and intraperitoneally in 5 mg. daily portions, 
it apparently remained in the tissues for a long time after the 
last injection, since very high figures were found at the end of 8 
days, and after 34 days the amount was still 3 or more times that 
found in the aluminum diet animals. In the one experiment in 
which the question of absorption of aluminum from an intestinal 
loop was studied complete recovery of aluminum was obtained. 

The data presented in this paper, we believe, speak strongly 
against the absorption of more than traces of aluminum from the 
alimentary tract. If this view is incorrect, it is hard to com- 
prehend why small amounts of injected aluminum should be 
retained in the tissues for a long time, when very large quantities 
given by mouth daily (45 to 300 times as much) have only a very 
slight influence. In other words, if aluminum is poorly eliminated 
when parenterally introduced, it is illogical to believe that when 
orally introduced it should be absorbed and rapidly eliminated. 
To be sure we have observed an appreciable excretion in the urine 
when aluminum chloride was introduced intravenously (see Table 
IV), but if a significant amount of ingested aluminum were 
normally eliminated in this way, this fact would not have been 
overlooked by the Referee Board (10) and by Schmidt and 
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Hoagland (11), nor would they have obtained complete recovery 
in the feces of the ingested aluminum. We do not feel, therefore, 
that our observations lend any support to the contention of Steel 
(2), Kahn (3), and Balls (4), that considerable quantities of 
aluminum are absorbed from the digestive tract of the dog when 
aluminum is ingested in the food. 

There are three possible paths for the elimination of aluminum 
when it is present in the body tissues and fluids: the bile, the urine, 
and the skin. Kahn (3) concluded that aluminum was excreted 
to some extent in both the bile and the urine, which is probably 
correct. Our data do not appear to give a definite answer as to 
which is the chief path of excretion, and more work is needed on 
this point. That some aluminum may be excreted in the urine 
after the injection of aluminum would seem evident from the data 
presented in this and the preceding paper.- If the kidney is the 
most important path for the excretion of aluminum it does not 
retain the aluminum long as the aluminum content of this tissue 
is relatively low. We have been inclined to regard the excretion 
through the bile as the most important owing to the higher con- 
centration of aluminum in the liver and the bile than in the other 
tissues and fluids, but the fact that the dogs receiving aluminum 
in their food or by injection showed essentially the same con- 
centration of aluminum in the bile as the normal dogs does not 
strengthen this view. 

The dogs receiving aluminum by intraperitoneal injection 
showed the highest content of aluminum in the abdominal muscle 
and skin, but this may well have been influenced by the site of 
administration. 


SUMMARY. 


Aluminum is normally present in such tissues of the dog as the 
spleen, kidney, heart, and liver in amounts varying from 0.07 
to 0.15 mg. per 100 gm., the largest amounts being present in the 
liver. 

After the daily ingestion of 0.23 and 1.55 gm. of aluminum 
(six and two animals respectively) for 3 months, there was prac- 
tically no change in the aluminum content of these same tissues, 
with the exception of the liver, where the amount averaged 0.27 
mg. per 100 gm. The aluminum content of the bile of these 











624 Al Effect upon Al Content of Tissue 


animals and two control animals averaged 0.35 mg. in both groups. 
The figures obtained for the aluminum content of the blood of the 
aluminum diet animals were so small as to be within the limits of 
experimental error of the method. 

When 5 mg. of aluminum were administered parenterally to two 
dogs daily for 2 weeks, a marked increase in the aluminum content 
of the tissues was found 8 and 34 days after the administration of 
aluminum had been discontinued, indicating that when aluminum 
is present in the tissues it is slowly excreted. 

These data lead to the conclusion that when aluminum com- 
pounds are administered orally to dogs the absorption of the 
aluminum is very slight. 

The excretion of aluminum when present in the body tissues 
and fluids is discussed. 
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THE ALUMINUM CONTENT OF HUMAN AUTOPSY 
TISSUE. 


By VICTOR C. MYERS anp JAMES W. MULL. 


(From the Department of Biochemistry, School of Medicine, Western Reserve 
University, Cleveland.) 


(Received for publication, April 28, 1928.) 


Comparatively little attention appears to have been given to the 
aluminum content of human tissue, although a few analyses have 
been reported by Gonnermann (1, 2) and Keilholtz (3), the former 
obtaining relatively high values and the latter negative results. 
We have thought it desirable to present the few observations which 
we have made on human tissue at this time. On several occasions 
attempts have been made to estimate the aluminum content of 
human blood (4), on samples of from 5 to 30 cc., but the amounts of 
aluminum present appear to be too small to estimate satisfactorily. 

The method previously described (5) has been applied to human 
autopsy material, kindly furnished us at the Pathological Labora- 
tory of the City Hospital. Our analytical data are presented in 
Table I. As will be noted, the magnitude of the figures is quite 
comparable with those found in the rat (6) and dog (7). In con- 
trast with the control analyses on the rat and dog, however, the 
figures for the liver appear to be much lower, whereas the alumi- 
num content of the brain and heart is considerably higher. We 
do not wish to draw any definite conclusions from the limited 
number of observations recorded on human tissue, but we have 
thought it desirable to present the data available in conjunction 
with our findings on the rat and dog. 


BIBLIOGRAPHY. 


. Gonnermann, M., Biochem. Z., 1918, 1xxxviii, 401. 

. Gonnermann, M.., Z. physiol. Chem., 1920, exi, 32. 

. Keilholtz, A., Pharm. Weekbl., 1921, lviii, 1482. 

Mull, J. W., Morrison, D. B., and Myers, V. C., Proc. Soc. Exp. Biol. 
and Med., 1927, xxiv, 476. 


— wre 


625 


ee eee 
a 

























2 nate i 


- 


Seah nie ms 8 








626 Aluminum Content of Autopsy Tissue 

. Myers, V.C., Mull, J. W., and Morrison, D. B., J. Biol. Chem., 1928, 
Ixxviii, 595. 

6. Myers, V.C., and Mull, J. W., J. Biol. Chem., 1928, xxviii, 605. 

7. Myers, V.C., and Morrison, D.B., J. Biol. Chem., 1928, Ixxviii, 615. 


5 


TABLE I. 
Aluminum Content of Human Autopsy Tissue. 














| | | |g 
; | * |g | == 2 é 
a Diagnosis. . é § =&§ = g 
a | & we | Oo < n 
Mg. Al per 100 gm. tissue. 
1 I daiitepensacncsssnad | 0.27; 0.05) 0.05) 0.02 
2 | Acute alcoholism................. 0.14 | | 
3 Bronchopneumonia...... re eeeeee! 0.45) 0.13) 0.10) | 0.06) 0.05 
+ 0 SEE ee 0.05) 0.03 
5 | Advanced pulmonary _ tuber- | | 
GINS cava senned coccucsas ce ee | 0.10) 0.10 
6 Carcinoma of esophagus......... | 0.14) 0.09) 0.17) 0.06) 0.13 
7 Pulmonary tuberculosis..........| 0. 25) | 0.01 
8 Tubercular bronchopneumonia. . | 0.23) 0.12 0.20) 0.12 
9 | Typhoid ulceration..............| 0.07 0.03 
10 Cardiorenal disease..............| 0.20 | 
11 Acute splenic hyperplasia, etc. ..| 0.22 | 0.07) 
12 SS Rica c nse scene en eees | 0.12) 0.22) 0.14) | 0.05 
13 ’ pulmonary tuber- | | 
SEs ccttinab ded cekedaaiunes 0.35) 0.29) 0.34 0.07 
14 | Bronchopneumonia.............. | 0.11) 0.05 
rere rere errr er | s|s|7 Sif 6 
Average........... Ree een re rey 0.25) 0.21) 0.08] 0.07) 0.10) 0.07 
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ON THE SEPARATION OF HISTIDINE AND ARGININE. 
IV. THE PREPARATION OF HISTIDINE.* 


= : By HUBERT BRADFORD VICKERY anp CHARLES S&. 

E i LEAVENWORTH. 

e)@ (From the Laboratory of the Connecticut Agricultural Experiment Station, 

ue. New Haven.) 

a (Received for publication, June 15, 1928.) 

06) 0.05 Histidine was discovered simultaneously by Kossel (1) and by 
Hedin (2). Kossel first obtained it by precipitation with mercuric 
chloride from the alkaline solution containing the products of 

10 hydrolysis of the protamine, sturine. Hedin isolated it from the 

06) 0.13 precipitate formed when the base fraction from hydrolyzed 

20! 0.12 protein was treated with silver nitrate and then with ammonia 
0.03 until a maximum precipitation occurred. Both methods were 

subsequently further developed by Kossel and his associates, but 
for purposes of large scale preparation the mercuric chloride 

05 method has been almost universally employed. Frinkel (3) in 

34! 0.07 1903 suggested that hemoglobin was the most suitable source of 
0.05 histidine and described its preparation by precipitation with 

—|—— mercuric chloride from a solution maintained alkaline with sodium 

6 carbonate. Modifications of this procedure have been repeatedly 

0} 0.07 described (4-8), but it is clear, from the pains that have been 


taken by different workers to define the exact conditions for 
success, that much difficulty has been encountered in obtaining 
good yields of a pure product. 

While we have, as yet, had no occasion to study in detail the 
precipitation of amino acids by mercuric chloride in alkaline 
solution, the fact that lysine may be precipitated in this way 
(9, 10) indicates that the procedure is not necessarily as selective 
for histidine as has been supposed. We have therefore felt that 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Washing- 
ton, D. C. 


627 








Far 





Oe ae 


a ee mam: $ Sete 


+ 


Si SO SS 








628 Preparation of Histidine 


some of the other precipitants for histidine should be investigated 
with the object of developing a method for the preparation of this 
base which might be less subject to unaccountable variations in 
the quantity and quality of the product ultimately obtained. 

Hedin’s method for precipitating histidine by the use of silver 
was developed by Kossel and Kutscher (11) into a quantitative 
method of analysis and the further step of precipitating the 
histidine by Hopkins’ mercuric sulfate reagent, subsequently 
advocated by Kossel and Patten (12) and by Osborne, Leaven- 
worth, and Brautlecht (13), added greatly to the accuracy of this 
method. 

As we have pointed out in a previous paper (14) histidine is 
completely precipitated when an excess of silver ion is added toa 
protein hydrolysate and the reaction is brought to pH 7.0 by the 
addition of barium hydroxide. The convenience of a direct 
separation of histidine in this way from most of the other products 
of hydrolysis of the protein is apparent and, while silver precipita- 
tion at pH 7.0 is by no means highly selective, it appears that 
very little in addition to histidine that is so precipitated is subse- 
quently thrown down by mercuric sulfate. The removal of the 
small proportion of impurity is easily effected by suitable treat- 
ment of the final product. This method is, in principle, similar to 
Kossel and Patten’s (12) method for the determination of histi- 
dine, and the more nearly quantitative nature of the precipitations 
render it, in our estimation, more suitable for the preparation of 
this base than the customarily employed mercuric chloride- 
sodium carbonate method. By proper attention to details of 
technique the labor involved in the operations can be reduced to a 
minimum. 

The general procedure is as follows: (1) The protein (hemo- 
globin or washed and coagulated blood cells) is hydrolyzed and 
the greater part of the acid removed. (2) An excess of silver 
oxide suspended in water is added, the acidity of the solution 
being maintained by the addition of sulfuric acid as required but 
any material excess should be avoided. (3) The solution is brought 
to pH 7.4 by the addition of barium hydroxide solution and the 
precipitate, which contains the histidine together with other amino 
acids, is filtered off and washed. (4) The precipitate is suspended 
in water, sulfuric acid sufficient to give a faint reaction to Congo 
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red is added, and hydrogen sulfide is then passed in until the 
precipitate is completely decomposed. The silver sulfide is 
centrifuged off and the solution is concentrated to remove hydro- 
gen sulfide. (5) The solution is made to contain 5 per cent of 
sulfuric acid, treated with Hopkins’ mercuric sulfate reagent in 
excess, and allowed to stand at least 24 hours. The precipitate 
is filtered off, washed with diluted reagent, and decomposed with 
hydrogen sulfide. The mercuric sulfide is removed, the solution 
is concentrated slightly to expel hydrogen sulfide and is then 
treated with sufficient of a solution of recrystallized barium 
hydroxide to bring the reaction to pH 7.2 and filtered. (6) The 
perfectly clear filtrate is, if necessary, boiled with a little norit and 
concentrated in vacuo until a part of the histidine has separated in 
crystalline form. The flask is removed from the still and the 
contents heated until all is again in solution, and approximately 
an equal volume of warm absolute alcohol is added. After the 
mixture has stood in ice overnight, crude histidine separates very 
completely and is filtered off and washed with 80 per cent and 
then with absolute alcohol. A second small crop may be obtained 
by concentration of the mother liquors and similar treatment. 

If further purification is desired this material may be converted 
to the dichloride and crystallized and free histidine recovered as 
described below. 


Discussion of the Procedure. 


The best material for the preparation of histidine is hemo- 
globin which can be very easily prepared in crystalline form by 
the method of Ferry and Green (15). Failing this, crude blood 
cells are probably the most readily available and cheapest source. 
We have found it useful to prepare a stock of dry material. Fresh 
cattle blood (22 liters) was diluted with an equal volume of 1 per 
cent sodium fluoride solution and centrifuged. The serum was 
drawn off as closely as possible and the pulp of cells diluted with an 
equal volume of 0.9 per cent sodium chloride solution and again 
centrifuged. The pulp was then slowly poured into a large volume 
of boiling distilled water, the coagulum strained off, pressed, 
ground, and washed with liberal amounts of hot water, pressed, 
ground, and extracted with 80 per cent alcohol, and finally dried 
and ground to a fine powder. Yield 2800 gm., nitrogen 16.7 per 
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cent ash- and moisture-free. This material, while it contains 
appreciable amounts of serum proteins is largely hemoglobin and 
is an excellent source of histidine. 

Hydrolysis of the protein may be effected either with 6 Nn 
hydrochloric acid or with 8 N sulfuric acid. For most of this 
work we have used hydrochloric acid, but serious losses of histidine 
may occur during the removal of silver chloride unless this is 
extracted with hot dilute hydrochloric acid and the extract sub- 
sequently worked over. We therefore recommend the use of 
sulfuric acid. If the barium sulfate is washed by decantation as 
described below, very little labor is required. 

The single experiment in which hydrolysis was effected in an 
autoclave as described in a previous paper (14) was not satisfac- 
tory as it was found very difficult to secure a pure product. This 
method of hydrolysis is therefore not to be recommended for the 
preparation of histidine although further investigation may show 
how it may be improved. 

The addition of an excess of silver oxide to the solution main- 
tained slightly acid to Congo red or brom-phenol blue usually 
presents no difficulty unless the acidity is allowed to become too 
great. We have occasionally worked with solutions which failed 
to give the brown spot test with barium hydroxide although silver 
sulfate was separating in crystalline form on the walls of the vessel. 

If such a solution is carefully treated with barium hydroxide 
solution until the reaction is only faintly acid to brom-phenol blue 
paper, it will usually show the presence of excess silver after the 
addition of a little further silver oxide. 

We have not carried through this preparation using silver 
nitrate instead of the oxide. Previous experience with the nitrate 
has shown, however, that no difficulties are to be expected. The 
silver precipitate obtained under these conditions should be 
rather more thoroughly washed than is necessary when the oxide 
is used. 

The precipitation at pH 7.4 instead of at pH 7.0, which we have 
previously recommended, is necessary when one is dealing witha 
protein rich in histidine since, otherwise, a little histidine escapes 
precipitation. 

The precipitation with Hopkins’ reagent calls for little com- 
ment. The solution should have a volume of about 1 liter for 
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each 10 gm. of histidine expected and such a solution usually 
requires about 13 volumes of the reagent for complete precipita- 
tion. Mercuric sulfate solution should be added until a clear 
sample of the fluid gives no more precipitate when a little reagent 
is added and the sample is allowed to stand for some time. The 
amount of histidine left in the filtrate from such a precipitation is 
insignificant. 

Although in his first paper on the subject Kossel showed that 
free histidine could be readily obtained in crystalline form, most 
workers have made use of the salts, particularly the mono- and 
dihydrochlorides. The ease with which the free base may be 
brought to crystallization at its isoelectric point (16) suggested 
that it might advantageously serve for isolation. Unfortunately 
the crude histidine so obtained is contaminated with monoamino 
acids among which tyrosine has been positively identified. The 
material usually contains approximately 25 per cent of nitrogen 
(theory 27.1 per cent) but for some purposes such a preparation, 
which is free from other bases, is sufficiently pure. In order to 
secure analytically pure histidine it is necessary to carry out the 
crystallization of a salt since, owing to the nature of the impurities, 
the recrystallization of the crude material is ineffective. 


EXPERIMENTAL. 


Hydrolysis—500 gm. of dry coagulated blood cells were treated 
with 2.5 liters of 8 n sulfuric acid (567 cc. of concentrated sulfuric 
acid + 2100 cc. of water) and heated in a boiling water bath with 
frequent shaking for several hours. The material was then boiled 
for 30 hours and poured into about 15 liters of distilled water. 
Approximately 95 per cent of the calculated amount of crystal- 
lized barium hydroxide was weighed out (1 cc. of concentrated sul- 
furic acid requires 5.56 gm.), dissolved in boiling water, and added 
in a thin stream with constant stirring. The barium sulfate 
was allowed to settle and the clear fluid drawn off. The barium 
sulfate was washed twice by decantation with a liberal amount 
of water and finally centrifuged. The clear fluids were concen- 
trated either in a large vacuum still, or by boiling in open dishes, 
to 6 liters. A small amount of silver oxide suspension was added 
and the trace of silver chloride (derived from the chloride contami- 
nation of the material employed) and any remaining barium sul- 
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fate removed by filtration through paper pulp. An excess of silver 
oxide was then added as shown by the formation of a buff-colored 
precipitate when a drop was treated with a drop of cold barium 
hydroxide solution, and the solution was brought to pH 7.4 by 
the addition of warm saturated barium hydroxide solution! 
The precipitate was filtered off and thoroughly washed with water 
on the funnels. It was then suspended in water, disintegrated by 
brushing through silk bolting cloth, acidified with sulfuric acid, 
and treated with hydrogen sulfide on a shaking machine. The 
precipitate was removed and washed and the fluid concentrated 
to approximately 2.5 liters. Concentrated sulfuric acid to make 
5 per cent was added and the histidine precipitated by the addi- 
tion of 4.5 liters of Hopkins’ reagent. After standing 2 days the 
precipitate was removed and washed, suspended in water, acidified 
with sulfuric acid, and decomposed with hydrogen sulfide. The 
mercuric sulfide was removed and washed and the solution con- 
centrated. A solution of recrystallized barium hydroxide was 
added until the reaction was at pH 7.2. As it is inadvisable to 
return the test samples containing indicator to the main solution, 
the most economical method of adjusting the reaction is by 
comparison on a porcelain plate of the color of single drops to 
which a dilute solution of indicator has been added with drops of 
appropriate buffer solutions. A final test may be made on a 
small sample which has been centrifuged clear. The isoelectric 
point of histidine is not known with sufficient accuracy to necessi- 
tate closer control than can readily be obtained in this way. 

The solution was filtered, concentrated in vacuo to approxi- 
mately 500 cc., boiled with norit, and further concentrated until a 
copious separation of crystalline histidine occurred. The flask 
was removed from the still, heated until the histidine had redis- 
solved, and the contents (180 cc.) were washed with a minimal 
amount of hot water into a beaker. An equal volume of hot 
absolute alcohol was added. Under these conditions histidine ( 
separates promptly and very completely when allowed to stand in 
ice overnight. A small second crop can be secured from the ( 
mother liquor. 

Crude histidine may be prepared in this way in a yield of be 
between 4 and 5 per cent of the blood cells hydrolyzed. It 
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1 For additional details see Vickery and Leavenworth (14, 17). 
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contains a little tyrosine and probably other amino acids. A 
typical first crop weighing 21 gm. decomposed at 268-270° and 
was ash-free. This indicated a high degree of purity but its 
nitrogen content was 25.24 per cent (theory 27.10 per cent) and 
Millon’s reaction was faintly positive. Recrystallization from 
300 cc. of 50 per cent alcohol gave 16 gm. with a nitrogen content 
of 25.56 per cent, indicating very little purification although the 
material was uniform and well crystallized and decomposed as 
before at 268°. Evidently the decomposition point of histidine 
cannot be used as an index of purity. 

Purification of Crude Histidine—A sample of crude histidine 
weighing 26.7 gm. (N 24.4 per cent) was dissolved in 150 cc. of 
water with the aid of a little hydrochloric acid and boiled with 
norit. The solution was then concentrated in vacuo to 40 cc. 
and transferred, by the use of 40 cc. of concentrated hydrochloric 
acid, toa beaker. After it was chilled, 80 cc. of alcohol saturated 
with hydrogen chloride were added. Crystallization occurred at 
once and, after it had stood in ice 3 hours, 34 gm. of dihydro- 
chloride were obtained by filtration on a sintered glass funnel and 
drying over lime in vacuo. This crop contained 17.69 per cent of 
nitrogen (theory 18.43 per cent) and was therefore still slightly 
impure. It was recrystallized from a mixture of 20 cc. of water, 
20 ce. of concentrated hydrochloric acid, and 40 cc. of alcoholic 
hydrogen chloride, when 31 gm. with a nitrogen content of 18.35 
per cent were secured. This is equivalent to 21 gm. of free 
histidine or 78 per cent of the crude histidine taken. When 
histidine dihydrochloride is crystallized under these conditions it 
isnot worth while to attempt to secure second crops. 

A small quantity of tyrosine was isolated from the mother 
liquor of this second crystallization of the histidine dichloride. 
The reagents were removed and a small amount of typical needles 
giving Millon’s reaction and containing 8.0 per cent of nitrogen 
(theory 7.74 per cent), was secured by direct crystallization. 
The mother liquor of the tyrosine apparently contained a mixture 
of amino acids from which nothing definite could be separated. 

The recovery of free histidine from the dihydrochloride may be 
conveniently effected as follows, although the yield leaves some- 
thing to be desired. 20.3 gm. of dihydrochloride were dissolved in 
200 ce. of water and heavy magnesium oxide was added to the 
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boiling solution until it was neutral to litmus. The solution was ; 
then promptly filtered. Further small amounts of magnesia were d 
then added until the solution was slightly more alkaline than ¢ 


pH 7.2. The solution was boiled with norit, filtered, the reaction 
adjusted to pH 7.2 with dilute hydrochloric acid, and concen- 
trated to 90 cc. An equal volume of absolute alcohol was added 
and, when the solution was chilled for 24 hours, 10.4 gm. of free 
histidine separated. The mother liquor on evaporation to 20 ee. 
and treatment as before with alcohol yielded 0.9 gm. more. 
Together these crops represent 81 per cent of the histidine in 
the dihydrochloride used. Once recrystallized the product was 
analytically pure. 

Recovery of Silver—Inasmuch as the use of ammonia for the 
recovery of silver residues is objectionable for a number of reasons, 
among them the possibility of the formation of explosive com- 
pounds, we have discarded the method described in a former paper 
(14) and are now making use of the method described by Robert- 
son (18). We have found this perfectly satisfactory even when 
the silver chloride contains considerable barium sulfate. The 
mixture of metallic silver and barium sulfate, obtained by reduc- 
tion with glucose, is heated in a large silica dish to drive off 
organic impurities and then warmed with dilute nitric acid until 
all the silver is dissolved. The barium sulfate may then be 
removed by filtration. We have also found it possible, although 
not particularly advantageous, to recover silver sulfide directly 
by this method without previously oxidizing it to sulfate with 
nitric acid. It is necessary to adhere to the concentration of 
sodium hydroxide solution advocated by Robertson and to use a 
grade of sodium hydroxide free from iron as otherwise the silver 
oxide ultimately prepared is apt to be contaminated with this 
metal. 
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SUMMARY. 


A method for the preparation of histidine from hemoglobin, or 
from coagulated blood cells, is described, consisting of four 
steps: (1) hydrolysis of the protein, (2) precipitation of histidine 
as its silver compound at pH 7.4, (3) precipitation of histidine 
with Hopkins’ mercuric sulfate reagent, (4) direct crystallization 
of crude histidine as free base at its isoelectric point. The product 
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may be finally purified, with little loss, by crystallization of the 
dihydrochloride. A yield of from 4 to 5 per cent of the dry blood 
cells is readily secured. 
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THE RELATION OF COPPER TO THE HEMOGLOBIN 
CONTENT OF RAT BLOOD.* 


PRELIMINARY REPORT. 


By J. S. McHARGUE, D. J. HEALY, ann E. S. HILL. 


(From the Department of Chemistry of the Kentucky Agricultural Experiment 
Station, Lexington.) 


(Received for publication, May 19, 1928.) 


In previous publications by the senior author (1-9) it has been 
shown that copper, manganese, and zinc are normal constituents 
of plants and animals, and that these elements occur in greater 
concentration in the livers of domestic animals than in any other 
organ. It has also been found that manganese, copper, and zinc 
occur in greatest concentrations in those organs of animals that 
have the greatest vitamin potency, and furthermore it has been 
shown that the livers of calves at the time of birth contain more 
copper than do the livers of more mature animals of the same 
species. 

Porter (10) in 1875 published a text-book on chemistry in which 
he states that copper is a normal constituent of human blood. 
However, it has not been previously demonstrated that copper has 
an important function in red blooded animals, although numerous 
observations have been published from time to time which indicate 
that copper has a respiratory function in those animals that have 
colorless and blue blood. 

The following experiment was performed to ascertain the 
copper content of the serum and cells of fresh blood of a mature 
domestic animal. 5 quarts of fresh blood were obtained from a 
normal 2-year-old heifer which was slaughtered for beef. The 
fresh, warm blood was shaken with glass beads to separate the 
fibrin and cells from the serum. The mixed mass was centrifuged 


* Read before the Division of Biological Chemistry at the Seventy-Fifth 
meeting of the American Chemical Society, St. Louis, April 16-20, 1928. 
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to free further the serum from the cells and fibrin. The clear 
serum was decanted from the mass of blood cells, evaporated, and 
dried at about 100°. The mass of cells and fibrin still containing 


TABLE I. 
Analysis of Cow Blood. 





) 
Dry serum. Dry cells and 














fibrin 
per cent per cent 
NR te uo pairs aaa eae aah aaa ae 0.0044 0.0007 
EERE ioe rear Een Rey eee OR eee 0.0140 0.1580 
IR 65s cc naaehiadokeeraaaeneeuneesaanin | Trace. Trace. 
Ae ee ee eae hliaduate inten Ree 0.0096 0.010 
SES epee oe eR emery mee ee 0.1420 | 0.0798 
IC ao ee ee gee eer el ees 0.1120 | 0.0256 
EE cic cance eee a oN nue WA dio vee 0.145 0.309 
Deo rhe pati ak es og healers 0.275 | 0.112 
DE Pe ee ete eae ck crea eras ving eat 3.53 1.15] 
SEAS SRR Re Ne ROU er Se ae gee ee eon | 12.80 15.28 
PS cd ea tkcetan Aicouaked weer erns 1.544 0.579 
TABLE II. 
Analysis of Calf Liver. 
| Moist ure-free. 
| per cent 
keg ata a eich oe a ee oe eo e a ates 0.0125 
RINSE ee ree ere Ree Seem oe nee ae 0.0358 
Se i le drs ai ie ate te oe at ell Se 0.0003 
lad rain ales ss sas eee eerie eae Gla nek kln SoS es 0.040 
Phosphorus........ AGA AE TEE RE EAN OR RETR AS me ea 1.1218 
ee ea ee a re ae 0.028 
SR eee eee Rae ae eee ae ee ee 0.161 
CEES SAE He | SOS ete Re or AP ee a ne REE RO 0.896 
a a 0.772 
REE SERRE snr gn de oer ge ee ey I Ae eee ae 10.24 
ER ti 2c a ek ona ewan rete ws Kee eek ONES RE Sees 64.00 
NN To. bu cectunouduavadied aseridecdeexsecseekiies | 0.584 





some serum was dried in a similar manner. Each of the two 
portions was carefully ashed in silica dishes and analyzed with the 
results shown in Table I. 
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In order to demonstrate whether or not the copper contained in 
red blood has any useful function, as its presence suggests, livers 
of young calves were obtained, dried, ground, and analyzed. 
With other portions of the livers the following experiment was 
performed with white albino rats. The analysis of the dry calf 
livers is given in Table IT. 


TABLE III. 
Hemoglobin Content of Blood of Rats without and with Copper in Their Diet. 





| Solution of ash of calf 
| liver, copper removed. 











Solution of ash of calf 
liver. 















































Lot 1. Lot 2. . 
Tallqvist Fleischl Tallqvist | Fleischl 
method. method. method. method. 
| 
Mar. 28, 1928. Mar. 28, 1928. | 
Rat 1 75 66 Ratl | 9 | 90 
“23 65 68 = 2 | 90 110 
x 2 65 76 ahh 90 85 
» ¥ 75 86 
ce Average....... | 91.7 | 95 
Av eee aa 74 | 
ee ; Apr. 3, 1928. | 
Apr. 3, 1928. Rat 1 95 | 87 
Rat 1 68 70 ~ @ 100 104 
= 2 68 80 ile 90 85 
= 2 68 83 = a 90 90 
= .¥ 70 78 sole | 78 87 
“og owe 77 —_ 
“ 6 - oad Average........ | 90.6 | 90.6 
ae 75 86 Apr. 4, 1928. 
“ 8 74 83 Rats + 2 gm. dry calf liver per day. 
oP. 68 68 Rat 6 9 | 87 
= a 74 80 “7 85 | gg 
Average....... 70.8 77.9 “ 8 80 | 70 
Average........ 85 82 











Two equal portions of the moisture-free liver were ashed sepa- 
rately in quartz dishes, the ash treated with hydrochloric acid, 
evaporated to dryness, taken up with a few drops of hydrochloric 
acid and a little water, and diluted with water to such a volume 


that 1 cc. contained approximately 0.1 mg. of iron. 


The HCl 


solution of the other portion of liver was treated with H.S to 


precipitate the copper it contained, and the precipitate filtered out 
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and washed. The filtrate from the copper precipitate was evap- 
orated to dryness with a few drops of nitric acid to oxidize 
ferrous iron to the ferric condition. Hydrochloric acid was added 
to the residue and evaporated to a pasty consistence and this 
operation was repeated twice, after which water was added to 
make the volume the same as the solution which contained copper. 

Two lots of white albino rats, each rat weighing about 50 gm., 
were put into wire cages fitted with screen floors, two rats in each 
cage. The rats were fed skim milk in the morning and whole 
milk in the afternoon. The milk was placed in small glass tunm- 
blers attached inside the cages. Distilled water was also available 
to the rats, ad libitum. After the rats had been on the milk diet 
for about 4 weeks, 10 cc. of the solution without copper were 
added to the portion of skim milk given to one lot of rats once 
each day, and a like amount of the solution containing copper was 
added to the skim milk given to the second lot of rats once each 
day. 

At the end of the 6th week, hemoglobin determinations were 
made from the blood of the two lots of rats, with the results 
shown in Table ITI. 

The hemoglobin readings were made independently by Healy 
and McHargue, the average reading being taken. The analyses 
of the blood serum and cells and the liver were made by Hill. 

When the samples.of blood for the hemoglobin determinations 
were taken, it was observed that the blood from the rats from 
which copper was withheld was noticeably darker in color than 
the blood from the rats that received copper, the latter’s blood 
being a brighter red. The samples of blood were obtained by 
clipping off sections of the tails of the rats, discarding the first 
few drops, and collecting the blood by means of a Fleisch! blood 
pipette. Drops of fresh blood were absorbed on pieces of standard 
filter paper and immediately matched with the standard color 
chart in the Tallqvist method. 

The rats that received copper in their diet possessed to a notice- 
able degree a pink ruddiness where the skin is exposed, for example 
on the tail, feet, and nose, which was absent on those from which 
copper was withheld. 

From the external appearance of the rats, the color of the fresh 
blood, together with the hemoglobin readings, the authors infer 
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that copper has an important function in the formation of hemo- 
globin and in the metabolism of animals having red blood. 

Further experiments concerning the effect of copper, manganese, 
zinc, etc., are under way. 


Addendum.—Since this article was submitted for publication Hart, 
Steenbock, Waddell, and Elvehjem have published similar findings (11). 
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A MICRO METHOD FOR THE DETERMINATION OF 
POTASSIUM AS IODOPLATINATE,* 


By ALFRED T, SHOHL anp HELEN B. BENNETT. 


(From the Department of Pediatrics and Laboratory of Physiological 
Chemistry, Yale University, New Haven.) 


(Received for publication, June 6, 1928.) 


The standard and most widely accepted method for the determi- 
nation of potassium depends upon its precipitation as potassium 
chloroplatinate. The modification called the Lindo-Gladding 
procedure (1) is official with the Association of Official Agricultural 
Chemists. Methods based upon the precipitation of potassium 
as potassium of cobalti-nitrite (2), have been very useful in deter- 
mination of potassium in the blood and serum when the technique 
described (3) is rigidly adhered to, but under slightly different 
conditions, or for material of varying salt composition, are ques- 
tionable. This criticism applies also to modifications involving 
either the gasometric (4) or colorimetric (5) determination. The 
cobalti-nitrite precipitate is not of constant composition (6). 

The method about to be presented depends upon the precipita- 
tion of the potassium chloroplatinate in the ash of physiological 
material and its subsequent determination by colorimetric or 
titrimetric procedure or by both. 

The quantitative determination depends upon the conversion of 
potassium chloroplatinate to potassium iodoplatinate by the addi- 
tion of potassium iodide. Because of the deep rich wine color of 
the iodoplatinate in solution, amounts as small as 0.1 mg. of potas- 
sium in this form can be estimated by colorimetric comparison 
with known amounts of potassium chloroplatinate also treated in 
this way. The principle was used in 1903 by Cameron and 
Failyer (7) for the determination of potassium in water. The 
presence of iodine in the compound permits the use of the 

* Read before the American Society of Biological Chemists, 1927, at the 
Rochester Meeting (J. Biol. Chem., 1927, Ixxix, p. iv). 
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method of Peterson (8), in which potassium iodoplatinate js 
reduced in neutral solution to K,PtI, with sodium thiosulfate. 

The probable reactions taking place are expressed in the fol- 
lowing equations. 


K,PtCl, + 6KI = K,PtI, +- 6KCI 
K2Ptl;, i 2Na.S,0; = K,Ptl, a 2Nal am Na.S,O; 


Pt++t++ + 2S++ = Ptt+ + 28+++) 


The color varies in proportion to the amount of potassium 
chloroplatinate present when potassium iodide is added to solu- 
tions of this salt. This proportion is maintained from 0.2 mg. per 
cent up to 10.0 mg. per cent, which is the highest concentration 
tried. Dilution does not affect the proportion. The color given 
by 1.6 mg. per cent and more cannot be read accurately in the 
colorimeter without previous dilution. 

The rate of color development is proportional to the amount of 
potassium iodide present. The presence of acid also hastens 
color development, but after a time excess acid causes the libera- 
tion of iodine. The presence of free iodine destroys the propor- 
tional variation of the color. Heat also increases the rate of color 
formation. By the color development in 0.4 N potassium iodide 
(5 ec. of 2 N KI in 25 cc.) in the presence of either acid or hot 
water, full color is developed immediately. 

The color so formed is permanent for 24 hours or longer. The 
only interfering substances found are iron, which forms a colored 
iodide, copper, which precipitates out as the iodide in acid solution, 
ferricyanide, which gives a green color, and alcohol, which reduces 
the potassium iodoplatinate. The hotter the solution, the less 
actual color is obtained, but this color is still in proportion to the 
amount of potassium present. Exposure to bright sunlight 
through glass for 30 minutes liberates iodine, which obviously 
invalidates the determination. Indirect light or darkness does 
not cause oxidation of the iodine salt. 

By application of the optimal conditions defined above to the 
production of the wine-red color, the amount of potassium present 
in a solution can be determined colorimetrically within the reading 
error of the instrument, which is considered as +4 per cent. 

The potassium iodoplatinate is readily reduced in neutral 
solution by sodium thiosulfate. This reaction must take place 
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in a solution exactly neutral, as acid frees excess iodine and alkali 
suppresses the reaction. A final concentration of normal potas- 
sium iodide and heat are both used to insure a rapid formation of 
the iodine compound. Heat does not affect the actual titration 
with thiosulfate. Alcohol naturally must be avoided. Neutral 
salts such as potassium chloride have no effect. In the prelimi- 
nary work the precipitate was separated and washed by centri- 
fugalization. This procedure gave good results, but an occasional 
analysis in a series gave large variation. This led to an improved 
filtration method which we have adopted here. 

Because of the color of the reduced salt in solution, which is a 
lemon-yellow, the iodine salt is a self-indicator. The end-point 
is taken as the place at which 1 drop of the thiosulfate changes the 
color of the solution from a reddish to a greenish yellow. 

By titration of the iodoplatinate solution with 0.01 N sodium 
thiosulfate in a micro burette, 0.4 mg. potassium or more can 
be determined with an accuracy of +2 per cent. 

The reduced salt tends to become reoxidized on standing in 
the air, especially in acid solution. Advantage is taken of this 
fact to check the titration value with a colorimetric comparison 
after complete oxidation. Quantitative transformation to potas- 
sium iodoplatinate is hastened by the addition of acid and a mild 
oxidizing agent, 0.2 per cent H2Oc. 

Both the ashing of the sample and the precipitation of the 
potassium chloroplatinate are carried out according to the well 
known Lindo-Gladding method for potassium. A few minor 
modifications have been introduced to make the procedure appli- 
cable to such small amounts of material as must be used. With 
materials such as amino acids which contain large amounts of 
nitrogenous substances in comparison to the potassium content, 
a preliminary ashing in glass with sulfuric acid and superoxol is 
recommended. Otherwise, 5 to 10 per cent of the potassium is 
lost. When a small amount of protein is present, as in pathologi- 
cal cerebrospinal fluids, the results may be 50 per cent low unless 
the protein is first removed. The potassium chloroplatinate is 
precipitated in the presence of redistilled alcohol and the wash 
liquids are saturated with the salt. In this way the last 0.01 mg. 
is precipitated. 

Ammonia also forms a chloroplatinate which has the same 
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solubilities and properties as potassium chloroplatinate. Because 
of this, great care should be taken that all ammonia is expelled 
from the ash. A sulfuric acid ashing should be carried out on all 
samples just before the precipitation of the chloroplatinate to insure 
the volatilization of absorbed ammonia. 


Analytical Procedure. 


1. Reagents. 
Trichloroacetic acid, 20 per cent. 
Superoxol (30 per cent hydrogen peroxide) Merck, Blue Label. 
Sulfuric acid, approximately 4 N. 
Hydrochloric acid, approximately Nn. 
Chloroplatinic acid, 10 per cent platinum. 
Alcohol, redistilled over lime. 
Alcohol, redistilled over lime, saturated with potassium chloroplatinate. 
Potassium chloride, 10 per cent, saturated with potassium chloroplati- 


nate. 
Potassium iodide, 2 N, iodate-free, recrystallized from alcohol. 
Sodium thiosulfate, 0.01 n. This is standardized against potassium 


iodate. 
Hydrogen peroxide, 0.2 per cent (made up just before use). 


2. Preparation of the Sample. 

(a) Blood Serum or Plasma.—The determination is made on 
the protein-free filtrate. 1 volume of 20 per cent trichloroacetic 
acid is added to 1 volume of serum or plasma and diluted to 5 
volumes. 5 cc. of the filtrate, equivalent to 1 cc. of the serum or 
plasma, are taken for the colorimetric determination. Twice this 
amount is taken for the titrimetric determination. 

(b) Whole Blood.—1 volume of whole citrated blood is precipi- 
tated with 2 volumes of 20 per cent trichloroacetic acid and 
diluted to 5 volumes. 1 cc. of the human blood filtrate, which is 
equivalent to 0.25 or 0.35 mg. of potassium, is taken for the colori- 
metric procedure and twice the amount for the titrimetric deter- 
mination. 2 to 5 cc. of dog blood filtrate are necessary to supply 
the correct amount of potassium. 


8. Ashing of Sample. 


(a) Salt Solutions.—These are ashed directly. 
(b) Serum, Plasma, and Cerebrospinal Fluid.—An amount of 
the sample containing from 0.15 to 0.80 mg. of potassium is 
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placed in a Folin digestion tube. 0.6 cc. of 4 N sulfuric acid is 
added and the mixture is evaporated to a small volume. A drop 
or more of superoxol (30 per cent hydrogen peroxide) is added at 
intervals and the ashing is continued until a clear, colorless solution 
is obtained while sulfuric acid fumes are escaping. Care should be 
taken that all hydrogen peroxide has been dispelled before one 
continues. The sample is then transferred to a platinum crucible, 
evaporated to a small volume, and ashed according to the regular 
procedure described in (c). 

(c) Whole Blood, Urine, and Stool—An amount of the sample 
containing from 0.15 to 0.8 mg. of potassium is transferred to a 
platinum crucible. 4 drops of 4 N sulfuric acid solution are 
added. The sample is evaporated to dryness on a hot plate. 
The dish is heated carefully over a micro burner until all sulfuric 
acid fumes are given off and the ash becomes white. 1 drop of 
4 sulfuric acid is added and the sample re-ashed at red heat. 
With samples containing a larger percentage of potassium than 
that in blood, such as stool, it is often easier to ash more of the 
sample than is required for one determination. This is dissolved 
in a definite volume of water and aliquots are taken for the de- 
termination. 


4. Precipitation of Potassium Chloroplatinate. 


To the ash so prepared are added 1 drop of n hydrochloric acid 
and 0.30 ce. of platinic acid (10 per cent platinum). This is 
thoroughly mixed and 5 ce. of alcohol are added. After standing 
for 20 minutes, the precipitate is transferred to a micro filter (9). 
The filter is made by mounting a 1 inch funnel in a Witt filtering 
apparatus, which is essentially a suction flash with a ground glass 
removable top, so that the filtrate may be recovered in a small 
inner tube. A glass pearl is dropped into the funnel and a mat 
about #5 of an inch thick of fine grained asbestos is put over the 
bead. This makes essentially a micro Caldwell crucible. The 
excess platinum is filtered off by suction and saved for recovery. 
The precipitate and the filter are then washed four or five times 
with alcohol saturated with potassium chloroplatinate. The 
contaminating salts, which are precipitated with the chloroplati- 
nate in alcohol, are washed out with 3 or 4 washings of 10 per 
cent potassium chloride saturated with potassium chloroplatinate. 
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648 Potassium Determination 


5. Quantitative Determination of Potassium Chloroplatinate. 


The amount of potassium in the chloroplatinate so obtained can 
be determined in the following ways. 

(a) Colorimetric Determination.—A 25 cc. volumetric flask is 
placed in a Witt filtering apparatus and the precipitate dissolved 
én situ by the repeated addition of small amounts of hot water 
which is first used to rinse the platinum crucible. This is followed 
by addition of 5 ec. of 2 N potassium iodide and 1 cc. of 1 x HCL 
The mixture is cooled and made to the volume. The deep wine- 
red color can be compared against known standards at once. 


TABLE I. 
Recovery of Potassium from Known Solutions. 





Authors’ Amount 











et present. Error. Remarks. 
mg mg. per cent 
0.284 0.288 —-1.3 Colorimetric procedure (centri- 
0.289 +0.2 fuged). Artificial blood salts. 
0.288 +0 
0.267 —7.2 
0.292 +1.5 
0.581 0.576 —0.8 Titrimetric procedure (filtered). 
0.579 +0.5 Artificial blood salts. 
0.579 +0.5 
0.586 +1.6 
0.586 +1.6 
0.395 0.400 —0.4 Titrimetric procedure. K,S0O, 
0 


0.405 +1 


Colorimetric determination is convenient for 0.1 mg. to 4 mg. of 
potassium in the form of potassium chloroplatinate. 

(b) Titrimetric Procedure—The funnel containing the precipi- 
tate is removed from the Witt filtering apparatus, inverted, and 
the precipitate together with the asbestos returned to the original 
crucible by means of a small glass rod inserted in the stem of the 
funnel. The sides of the funnel are washed with 1 to 2 ce. of hot 
water and 1 cc. of 2 N potassium iodide. The mixture is heated 
almost to boiling for 3 to 5 minutes. It is not necessary to remove 
the asbestos. The solution is then titrated hot with 0.01 N sodium 
thiosulfate delivered from a micro burette calibrated to 0.01 cc. 
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inate, TABLE II. 
rk Potassium Determinations on Physiological Material. 
ained can ss ‘ = — 
| 23 — | 23 ] — 
flask is Material. | 3% | Gravimetric | Remarks. | Material. 33 | Gravimetric | Remarks. 
fas | 38 | = 
dissolved |< < 
ot water «~itiz ww. | S| 
followed pont cent jaliquot| cent 
1~ HCL Human |0.365/0.365) 182 | Titri- Cow (0.464/0.447|) 223 | Titri- 
ep wine- blood.|0.365 metric | blood \0.470 metric. 
proce- —Con-|0.460 
at once, 0.357| dure. tin- (0.466 
0.368) ued 0.450 
0.357 0 451 
eee mu 0.460) 
0.368! 0.460 Colori- 
0.364 0.460 metric. 
centri- 0.375 |0.436) 
od salts, 0.375) 0.458 
0.441 
0.375 0.436) 
372 0.448) | 
iltered). Cow (0. 16910. 179 Colori- |Rat (0.9090. 940) | Titri- 
blood. /|0. 182! metric.| blood./0.930) | metric. 
0.174! 0.930] 
0.178) 0.941) | 
(0.176 
— | 0.465/0.470) 235 | Titri- 
250,. (0.182\0. 179) Colori- 0.463) | metric. 
(a | | 
aii eo | metric-'pig _|0.512/0.501| 250 | Titri- 
—~ blood. |0.520) metric. 
mg. of Laval 0.516 
lo 174 | itm oe 
recipi- (0.17 Dog 0.217/0.223) | Colori- 
1, and blood.|0.223) | metric. 
riginal (0 .087/0 .089) Colori- 10.225) | 
f th 0.086 | metric.| 
ies: (0.084! (0.460.446 Titri- 
of hot 0 085 | (0.450 | metrie. 
eated 0.086 | 
move a 
dium 
)1 ce. 
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TABLE II1—Concluded. 























Material s3 Cant | Remarks Material $3 | Cuntaats Remarks. 
y 2 | 
mg mg. mg. | mg. 
mg. mm per mg. in per 
aliquot| cent aliquot| cent 
Dog 0.425\0.446) 22.3) Colori- (Urine (0.4490.436 Titri- 
blood |0.444 metric | ash- (0.449 metric. 
—Con- follow-| ings. |0.449 
tin- | ing ti- 0.433 
ued. trimet- 0.426 
ric 
above. 0.41110 .407 Titri- 
——e a - 0.404 metric. 
Cow  0.2380.230 Colori- » ane 
_—_ os meat 0 404 
: ee ecg 0.417 
242 uged). 0 418 
0.422 
0.4610.478) 23.9 Titration} 
0.454 an) 0.7450.768 Titri- 
— 0.760 metric. 
Cow's 0.6620.650 Titri- 0.762 
milk. 0.640 metric. 
The end-point is a lemon-yellow color free from red. 1 ce. of 
thiosulfate is equivalent to 0.39 mg. of potassium. The titri- 


metric procedure is convenient for 0.4 to 1.0 mg. of potassium and 
potassium chloroplatinate. 

(c) Combination.—The titrimetric result can be checked colori- 
metrically by reoxidation of the solution. 1 ec. of the normal 
hydrochloric acid solution and 0.10 cc. of a 0.2 per cent hydrogen 
peroxide solution are added to the mixture. This is allowed to 
stand exposed to the air from 30 minutes to 1 hour. The solution 
is made up to 50 cc. and compared against a suitable colorimetric 
standard. 

The results obtained by this procedure are given in Tables I 
and IT. 

Determinations were made in triplicate or quadruplicate with 
good agreement. It is needless to say that known solutions of 
potassium sulfate were determined correctly; that a mixture of 
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salts of the same composition as the blood and salts of known 
purity gave theoretical values for potassium; and that potassium 
added to various unknowns was recovered. In addition, varying 
amounts of material yielded the same percentage analysis for 
potassium. All results with the present method were checked by 
gravimetric determination according to the Lindo-Gladding 
method. The results for blood, serum, milk, and urine were also 
checked by this method. 


SUMMARY. 


A procedure is outlined for the determination of 0.1 mg. or more 
of potassium. Potassium chloroplatinate is precipitated and 
converted to iodoplatinate. Quantitative determination is made 
either by colorimetric comparison with known standards, or by 
titration with sodium thiosulfate. By this method 0.1 mg. can 
be determined, +4 per cent, and 0.4 mg., +2 per cent. 
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THE RESORPTION OF COPPER AND FERROCYANIDE 
IONS BY COAGULATED PROTEINS.* 


By BYRON M. HENDRIX. 


(From the Laboratory of Biological Chemistry, School of Medicine, University 
of Texas, Galveston.) 


(Received for publication, May 5, 1928.) 


It has been known for a long time that proteins are precipitated by, and 
precipitate, copper and other heavy metals; likewise, many acids behave 
in a similar way toward soluble proteins. Harnack (1) believed he showed 
a definite composition of the copper egg albumin precipitate. Galeotti (2), 
on the other hand, thought he found that copper is distributed between the 
protein precipitate and the solution according to the phase rule. Many 
other workers have come to varying conclusions concerning the nature of 
the compounds of copper and other heavy metals with proteins. Mathews 
(3) states that ions form salts with proteins, but does recognize that copper 
and other heavy metals may enter into combination with the amino group 
of the protein molecule. Loeb (4) has shown that the combination between 
gelatin and hydroferrocyanic acid is of the nature of a salt. 


In view of the recent attention which has been given to the 
presence of small amounts of certain elements in the animal organ- 
ism, it has been of interest to study the concentration of copper 
and of hydroferrocyanic acid on coagulated protein from very 
dilute solutions. 


Methods. 


Coagulated protein was used in these experiments because this 
made possible the separation of the protein for analysis from the 
solution with as little manipulation as possible. It was necessary 
only to filter off the coagulated protein and weigh the fraction 
collected. Had uncoagulated protein been used, it would have 
been necessary to precipitate the protein by some method which 
probably would have disturbed the equilibrium between the 


* A preliminary report of this work was read before the American Society 
of Biological Chemists at Ann Arbor, April 13, 1928. 
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654 Ion Resorption by Coagulated Proteins 


copper in solution and the copper which had combined with the 
protein. 

Coagulated egg albumin and coagulated edestin were used in 
these experiments. In order to save space, this discussion will be 
confined to the experiments with egg albumin. The coagulated 
egg albumin was prepared from crystallized egg albumin. It was 
thoroughly washed to remove salts and other soluble substances, 
and was found to be entirely free from copper but contained a 
very faint trace of iron. 

In every case 1 gm. of coagulated protein was used. In most 
cases the protein was suspended in 2810 ec. of solution which con- 
tained 10 mg. of copper or 10 mg. of iron in the form of potassium 
ferrocyanide. In a few experiments, the volume of the solution 
was 5000 cc. which contained 5 mg. of copper. 1 gm. of protein 
was used in each of these experiments. In certain cases, the 
volume of solution was very slightly increased by the addition of 
acid or alkali in adjusting the pH of the solution. In many of the 
experiments with copper, no attempt was made to regulate the 
hydrogen ion concentration of the solution, which doubtless 
accounts for the rather wide fluctuations in the results obtained. 
In some of the later experiments, the pH was regulated and varied 
from pH of 3.4 to 6.9. Some experiments were carried out at pH 
lower than 3.4, but since the protein took up no copper, they are 
not reported here in detail. No experiments were carried out at 
pH above 7. It was feared the copper might be precipitated as 
the hydroxide above this point. 

In the experiments with potassium ferrocyanide, the pH was 
varied between 3 and 6.3. Experiments with ferrocyanide were 
not attempted at higher acidity than that represented by pH 3, 
because even at this level there is some evidence of the decom- 
position of ferrocyanide. The protein was allowed to remain in 
solution from 2 to 6 days, but all evidence seemed to indicate that 
equilibrium had been reached in 2 days. 

In filtering the protein, no effort was made to collect all of the 
protein, but 75 to 90 per cent of it was collected on an ash-free 
filter paper and washed with a very little water, drained with the 
aid of reduced pressure, and dried to constant weight. From the 
determination of copper or iron in this portion of the protein, the 
amount in 1 gm. was calculated. 
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The copper was determined by a method which has been pre- 
viously reported by the writer (5), and the iron, at first, by the 
method of Elvehjem and Hart (6) and later by the method of 
Kennedy (7). 

Results. 


In order to study adequately the results of these experiments, it 
seems necessary to pay careful attention, not only to the actual 
amount of copper and of iron combined with 1 gm. of protein, 
but also to the ratio between the amount of copper or iron com- 
bined with 1 gm. of the coagulated protein and the amount found 
in an equal amount of the solution. 

The results of the first series of experiments showed that the 
average ratio between copper in protein to that found in an equal 
amount of solution was 2974 for eight experiments. An average 
of 5.05 mg. of copper, or 50.0 per cent of the total copper present, 
was taken up by the protein. The maximum variation in this 
series of experiments was quite large, being 1.72 mg., or 17.2 
per cent of the total. 

The results obtained in this series of experiments raise the 
following questions. (1) Will coagulated protein take up only 
half of the copper from solutions under conditions such as were 
maintained in this series of experiments? (2) What are the 
factors which cause the quite large variations in the amount of 
copper taken up by protein? (3) Is this variation produced by 
variations in hydrogen ion concentration or is it the result of 
some surface relation between the protein and the solution? 

In order to obtain an answer to the first of these questions, the 
volume of the solution was increased to 5010 cc. in two experi- 
ments. It was found that the actual amount of copper taken up 
was not much different from that in the experiment in which the 
volume was only 2810 cc. The ratio of concentration of copper in 
protein to that in the solution was markedly increased, being about 
6000. These experiments indicate that dilution does not diminish 
to any extent the amount of copper which will be taken up by 
protein, providing the amount of copper in the system remains 
unchanged. Two other experiments were carried out in which the 
volume was 5005 cc. and only 5 mg. of copper were present. In 
these experiments, the actual amount of copper taken up was 
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only slightly less than in those experiments in which the volume 
was only 2800 cc. and the amount of copper was 10 mg. The 
per cent of the total copper taken up, however, was much greater, 
being 95.8 and 81.8. In one case the ratio between copper in the 
protein and the copper in the solution rose to the very high value of 
114,319. This, it is believed, shows a very high affinity of coagu- 
lated protein for copper, at least until about 5 mg. of copper have 


TABLE I. 

1 gm. of coagulated egg albumin brought to equilibrium with 2800 ec. 
of distilled water, 10 cc. of a solution of copper sulfate which contained 
10 mg. of copper, and enough hydrochloric acid or sodium bicarbonate to 
bring the solution to the desired pH. 





pH Cuin1 gm, Cu in Total Cu in Cu in 





Date. protein. solution. protein. solution. 
1927 mg. mg. per cent Pp. p.m. 
July 8-14 3.4 0.302 | 9.698 | 3.02 | 3.44 
“« $14 3.4 0.302 9.698 | 3.02 | 3.44 
| 
“ 8-14 3.5 0.436 9.564 | 4.36 3.39 
“ §-14 8.5 | 0.455 | 9.545 | 4.55 3.38 
| 
June 27-30 43 | 139 | 861 | 13.9 3.06 
“ 27-30 4.3 1.77 | 8.23 17.7 2.92 
July 8-14 5.2 | 2.55 7.45 | 25.5 2.651 
“ §-14 5.2 | 2.54 7.46 | 25.4 | 2.654 
“ §-14 5.2 2.75 | 7.25 27.5 | 2.58 
“ 814 | 5.6 | 3.22 | 6.78 | 32.2 2.41 
| | 
“ 21-27 6.9 5.87 | 4.13 | 58.7 | 7 
“ 21-27 6.9 5.73 | 4.27 | 87.3 52 
“ 21-27 6.9 6.00 4.00 | 60.0 





been taken up by each gm. of the protein. These experiments 
show that dilution does not influence the taking up of copper by 
protein in any important way, providing the total amount of 
copper in the mixture is not reduced below 5 mg. 

In these more dilute solutions, there is considerable variation in 
the amount of copper taken up by the protein. The very small 
amount of copper left in solution makes the ratio very high and 
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also increases the variation in these ratios because experimental 
errors are multiplied by such large figures. It appears certain, 
however, that this fluctuation is not all due to experimental error. 

The study of these fluctuations in the amount of copper taken up 
by coagulated protein dealt entirely with the effect of varying the 
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Fic. 1. Showing the effect of pH upon the distribution of ions between 
coagulated egg albumin and water. A, ferrocyanide; B, copper. 









































hydrogen ion concentration of the solution. In these experiments, 
2800 cc. of water, 10 cc. of a solution containing 10 mg. of copper 
in the form of the sulfate, and enough of a solution of hydrochloric 
acid or sodium bicarbonate (see Table I for exact volume) to obtain 
the desired pH were allowed to come to equilibrium with 1 gm. 
doses of coagulated egg albumin. Solutions of pH from 2.5 to 
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6.9 were used in these studies. It was found that the protein took i 
up no copper at a pH of 2.5 and virtually none at pH 3, so that ( 
Table I includes results only from pH 3.4 to 6.9. No experiments I 
were carried out above pH 6.9 on account of the possible danger of 

the precipitation of copper at higher pH values. The ratio of Q 
copper combined with the protein to that in an equal amount of t 


the solution varied from an average of 3995 at a pH of 6.9 to 87.5 
at a pH of 3.4 and, of course, to 0 at a pH of 2.5. There was found 


in the protein an average of 58.3 per cent of the total copper when 
the pH was 6.9 and 3.02 per cent at a pH of 3.4. The variations 


between these extremes are shown in Table I and in Fig. 1. It will | 
be noted that the curve in Fig. 1 resembles a titration curve toa | 
certain extent. The number of determinations reported is not 
sufficient to enable one to say that the form of the curve is correct, 
but it is felt that it shows in an approximate manner the variation 
of the amount of copper which will combine with coagulated 
protein at varying hydrogen ion concentrations. 

In view of this variation of the combination of copper with 
protein at different hydrogen ion concentrations, it seemed worth 
while to investigate the combination of a negative ion with coagu- 
lated egg albumin at varying hydrogen ion concentrations. As 
mentioned above, ferrocyanide was used for this purpose. The 
experiments with ferrocyanide were carried out exactly the same 
as in the preceding series of experiments, except that potassium 
ferrocyanide which contained 10 mg. of iron was used in place of 
copper. Table II and Fig. 1 give the variation in the combination 
of ferrocyanide with coagulated protein at different pH values. 
The results are calculated in mg. of iron combined with 1 gm. 
of protein and the ratio between the amount of iron in 1 gm. 
of protein to the iron in an equal amount of solution. It will be 
noticed that the protein contained an average of 51.04 per cent of 
the total iron, and the ratio was 2908 at a pH of 3.7, while at pH 
of 6.3 an average of only 1.72 per cent of all the iron was found in 
the protein, and the ratio was 45.7. There was a definite decrease 
in the amount of iron combined with the protein in solutions more 
acid than pH of 3.7. It is believed that this is to be accounted for 
by the decomposition of hydroferrocyanic acid in acid solution. 
In fact, the work with ferrocyanide was made unsatisfactory by 
this tendency of the ferrocyanide. These results, although very few 
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in number, do show that coagulated protein combines with ferro- 
cyanide and presumably with other anions to a greater extent in 
more acid solutions. 

The type of combination between the coagulated protein 
and the copper and ferrocyanide appears to be the same as with 
uncoagulated protein. If this combination is of the nature of 


TABLE II. 

1 gm. of coagulated egg albumin brought to equilibrium with 2800 cc. of 
distilled water, 10 cc. of a solution of potassium ferrocyanide which con- 
tained 10 mg. of iron, and enough hydrochloric acid or sodium bicarbonate 
to bring the solution to the desired pH. 





J 











| . | + . ms ° | ~ e 
Date. ma «(Se 2. lee | one 
1927 mg. mg. per cent p. Pp. m. 
July 31-Aug. 4 3.0 4.28 5.72 42.8 2.03 
“ gi“ 4 3.0 4.38 5.62 43.8 1.99 
“gi “* © 3.0 4.31 5.69 43.1 2.01 
“  gi- “« 4 3.0 4.24 5.76 42.4 2.04 
“« g1i- “* 4 3.4 4.84 5.16 48.4 1.832 
“« g1- “* 4 3.4 4.865 5.135 48.65 1.823 
Aug. 15-17 3.7 5.308 4.692 53.08 1.77 
“ 15-17 3.7 .90 5.10 49.00 1.81 
“ 15-17 3.9 4.25 5.75 42.5 2.04 
“ 15-17 4.6 4.05 5.95 40.5 2.11 
“ 15-17 4.6 3.08 6.92 30.8 
“ 15-17 4.6 3.85 6.15 38.5 2.18 
“« $21 5.8 2.74 7.26 27.4 2.544 
“« 7-11 6.3 0.165 9.835 1.65 3.93 
“« 7-11 6.3 0.190 9.81 1.90 | 3.92 














adsorption, it is surprising that the results are so constant at a 
definite pH, for it cannot be supposed that any two doses of dried 
coagulated egg albumin or edestin would present the same 
surfaces to the solutions. It appears, therefore, that the com- 
bination between coagulated protein and the copper and the 
ferrocyanide is a chemical one in the same sense that uncoagulated 
protein combines with acidic or basic radicals. 
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SUMMARY. 


It is shown that coagulated proteins take up copper from dilute 
solutions, and if the solutions are dilute enough, almost all of the 
copper may be taken out of solution. 

The amount of copper taken up by coagulated egg albumin 
increases with the pH at least up to the pH of 6.9. 

Preliminary studies indicate that the coagulated protein takes up 
the acid radical ferrocyanide in acid solution and the amount of 
ferrocyanide combined increases as the pH decreases to the pH 
of 3.7. 
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THE EFFECT OF SODIUM CITRATE, ACETATE, AND 
LACTATE ON THE ULTRAFILTRABILITY 
OF SERUM CALCIUM. 


By DAVID H. SHELLING* anp HERMAN L. MASLOW. 


(From the Harry Caplin Pediatric Research Laboratory, The Jewish Hospital 
of Brooklyn, New York.) 


(Received for publication, June 5, 1928.) 


The toxicity of sodium citrate was described by Metcherlich (1) in 1845, 
but little was known of its mode of action in the animal organism until the 
studies of Sabatini (2) and of Loeb (3) in 1901. Loeb (3) and Zoethout (4) 
attributed the tetanic contractions produced in muscles immersed in sodium 
citrate or oxalate solutions to the formation of insoluble calcium salts of 
citrate and oxalate. This explanation of the toxicity of sodium citrate 
has been questioned by Gros (5) who demonstated that sodium tartrate 
does not produce convulsions when injected intravenously, although cal- 
cium tartrate is less soluble than calcium citrate. Sabatini (6) found that 
the quantity of the serum calcium does not alter after sodium citrate in- 
jection, and he therefore suggested that sodium citrate invokes a physical 
or chemical change in the serum calcium so that it becomes no longer avail- 
able as a regulator of muscular contraction and relaxation. He concludes 
that since calcium citrate is soluble, it must be that it forms an unionized 
compound. 

With the exception of Gross (7), who injected dogs subcutaneously with 
dilute solutions of sodium citrate, all modern investigators agree that this 
salt is capable of producing tetanic muscular contractions when introduced 
in the living animal body (8-14). 


The following investigation suggested itself after an accidental 
observation. In the course of some dietary experiments with 
young rabbits, sodium citrate was added to their milk rations to 
promote digestibility, as recommended by Hart (15). On several 
occasions rabbits were found dead in their cages and even ne- 
cropsy did not reveal the cause of death. In one instance, how- 
ever, a small rabbit was observed to be in a state of tonic and 
clonic convulsions soon after partaking of the milk diet. We 


* Harry Caplin Research Fellow, 1925-27. 
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suspected that the ingested sodium citrate found its way into the 
circulation and formed an undissociable calcium compound, 
thereby causing convulsions. Blood was obtained by cardiac 
puncture and the serum calcium was found to be within the 
normal limits for rabbits of that age and size, and apparently in 
agreement with the observation of Sabatini. Part of the serum 
was ultrafiltered in a collodion bag! at a pressure of 120 to 150 mm. 
of mercury. The calcium concentration of the filtrate was de 
termined and compared with the ultrafiltrate of normal rabbit 
serum. It was found that, whereas only 45 to 57 per cent of the 
serum calcium of normal rabbits is ultrafiltrable, nearly 100 per 
cent of the serum calcium of the citrate-fed rabbit passed into 
the filtrate. 

The following experiments were planned to confirm this ob- 


servation. 


I. Effect of Intravenous Injection of Sodium Citrate on Ultrafil- 
trability of Serum Calcium. 


Preliminary to injection, blood was obtained from large adult 
rabbits by cardiac puncture. Then the desired solution was in- 
jected into the marginal ear vein of the animal and as soon as con- 
vulsions appeared blood was again obtained by cardiac puncture. 
The blood was collected in dry, clean centrifuge tubes, allowed to 
clot, centrifuged for about 15 minutes, and the clear serum sepa- 
rated. Part of the serum was used for ultrafiltration. The 
ultrafiltrate, as well as the undialyzed serum, was analyzed for 
calcium by the method of Kramer and Tisdall (16). 

In the first experiments 1 ec. of a 30 per cent solution of sodium 
citrate was employed and before the needle was withdrawn from 
the vein, tonic and clonic convulsions occurred. Within a minute, 
the animals were in opisthotonos, and died of respiratory and cir- 
culatory failure. On rare occasions animals were revived by the 
application of amyl nitrite to their nostrils as suggested by 
Normet (9). 

When sodium citrate was injected in more dilute solutions s0 


1 The bags were made of 6 per cent du Pont parlodion dissolved in 25 ce 
of absolute alcohol and 75 cc. of ether. About three coats of the solution 
were sufficient to make a bag which would withold the desired pressure and 


render the filtrate protein-free, 
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that the rate of injection was slower, a greater quantity of this 
salt was necessary to produce convulsions and the effect did not 
appear until 3 to 4 minutes after injection. The effect on the 
ultrafiltrability of serum calcium was, however, the same as when 


TABLE I. 
Effect of Sodium Citrate ¢ on Ultrafiltrability of Serum Calcium of Rabbits. 
_— ft | 


























1 t 
os | ¢ Before | ¢ After i¢ 
| s | a] injection. | = injection. | = 
- so 4 is. Ss. 
° 3 } d 
cm 1 le 5 “| of ay Remarks 
~_ = st |e Ca in| $2 | _ {Cain} §3 | 
| 3 5% | 8 | Cain | ultra-} © 5 | Cain | ultra-| 5 
4/62 & |serum.| fil- | .& \serum.| fil- | 5 
3 Es o .) 
fae] < Oo | trate. | = | trate. | 
en a ioapzaa. i—j 
| | mg. | mg. mg. mg. | | 
1926 | ce. al | per | per per | per | 
—_ cent cent 





| cent | cent | 


| | . | 
Feb. 1 1| 2.0) 30 | 14.6 . | | 15.2) Convulsions 
| 





within 1 min. 
1.0) 30 | 16.8) 7.3 45 | 14.3) 12.0) 86 | a - 
14. 4) 13.2} 97 | Convulsions 


| 11.0 10 | 13.9] 8.3 | 57 | 
within 3 min. 


| | 


or 
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TABLE II. 
Effect of Addition of Sodium Citrate to Serum in Vitro on Ultrafiltrability of 
Serum Calcium. 


—_ | 
Amount | Before addition. | 





After addition. | 





necmen ol Amount} of 30 |_ —EEE | Per cent | _______ Nn 
Soure | f P iu - la | ultra- 
_—— | corem. | Feitrate | Cain | ee | filtrable Cain | a hae |filtrable. 
| added. | serum. | filtrate. serum. | filtrate 
c | oe je ew wk a 
Sheep. | 15.0 | 1.0 |10.7 | 4.9 | 45 |10.6 |10.4 | 99 
“ miata 64 | 10.0 | 8.9 | 89 
. 15.0 | 1.0 | 9.6 | 42 | 43 | 9.6 | 9.6 | 100 
Human. 15.0 1.0 10.7 | 4.5 | 42 | 10.7 8.9 | 84 
ss 15.0 1.0 | 10.7 | 4.8 | 45 | 10.7 | 10.5 98 
Cow. 10.0 | 0.5 |104 | 50 | 48 | 104 | 102 | 99 
. 10.0 | 0.5 | 10.4 | 5.0 | 48 | 10.4 10.0 | 98 





& more concentrated solution was employed. Table I shows 
that whereas only 45 to 57 per cent of the serum calcium of normal 
rabbits is ultrafiltrable, the serum calcium of rabbits injected with 
sodium citrate is 86 to 97 per cent ultrafiltrable. 
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II. Effect of Sodium Citrate on Ultrafiltrability of Serum Calcium 
in Vitro. 

That the effect of sodium citrate on the state of serum calcium 
is the same whether added in vivo or in vitro may be seen in Table 
II. It shows that similar results are obtained in vitro with the 
serum of sheep, cow, and man. 


III. Effect of pH on Ultrafiltrability of Serum Calcium in Vitro, 


Although the effect of sodium citrate on the diffusibility of cal- 
cium is the same as if acid were added to serum, as can be in- 
ferred from Table III, where the pH was adjusted to 5.1 with 


TABLE III. 
Effect of pH on Ultrafiltrability of Serum Calcium. 








es of | | is 
Sou f A t of per cent | Cai Cai er cent 
“serum. | serum. | ‘Sodium | pH | serum. | ultrafitrate.| wlth 
added. | 
ce. ce. mg. per cent | mg. per cent | 

Cow. 10.0 0.0 72 | 104 | 5. 48 

“ 10.0 0.5 8.3 10.4 | 10.2 99 

a 10.0 0.5 8.2 10.4 10.0 98 

“ 10.0 0.5 5.9* 10.4 | 10.5 100 

ee 10.0 0.5 5.1* | 10.4 | 10.6 100 

“ 10.0 0.0 5.1* 10.4 10.5 100 





* Serum rendered acid by addition of HCl. 


HC] without the addition of sodium citrate, yet the citrate effect 
is not due to acid. The citrate effect is evident when the serum 
is made more acid, equal to, or more alkaline than blood serum. 
If the change in reaction were the controlling factor, a decrease 
rather than an increase in the ultrafiltrable calcium should be 
expected, since the addition of sodium citrate renders the solu- 
tion more alkaline. 


IV. Effects of Sodium Acetate and Sodium Lactate. 


The effects of sodium acetate and lactate were studied in vitro 
and in vivo. At first 30 per cent solutions of these salts were used 
even in correspondingly larger amounts than of the sodium citrate 
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TABLE IV. 
Effect of Injection of Sodium Citrate, Acetate, and Lactate into Rabbits. 
Bef ot, Afte mS 
sation, r injection. 2 
; | Amount of 30 e} 6/2 |? |e lel? 
Date. Z ‘cation ice. 5 28 e s 5 S $ z r Remarks. 
zs # |s3/°s| 8 |s3|°s 
3 & |6"|E"| $ |S" |8° 
mg. | mg. mg. | mg 
1986 cc. per per | per 
cent | cent cent | cent 
June 17 | 4] 6.0 Na acetate. /14.2) 7.8) 55 |14.0| 7.8] 55 No convul- 
sions. 
“ 18| 4|1.0 “ citrate. 12.0|12.0)100 |Convulsions 
| in 1 min. 
Stoichiometric amounts. 
1987 | 
Aug. 11 | 5 | 10.0 Na citrate. (15.8) 8.5) 53 |15.8|16.0)100 |Convulsions 
in 1 min. 
6| 10.0 “ acetate. |14.0) 6.8) 48 |15.5) 8.1) 52 |No convul- 
sions. 
7/} 10.0“ lactate. |14.5) 6.6) 45 |14.5) 9.9) 61 | “ = 
8| 2.0“ citrate. |14.0|10.0| 70 |12.8|13.0|100 |Convul- 
sions at 
| once. 
9| 2.0“ acetate. 15.6) 6.7) 43 14.6) 7.0) 48 |No convul- 
| | sions. 
10 | 5.0 “ lactate. |15.6) 7.8) 50 |15.6|10.5 67 | “ . 
TABLE V. 


Effect of Addition of 0.2 Cc. of Stoichiometric Solutions of Sodium Citrate, 
Acetate, and Lactate on Ultrafiltrability of Serum Calcium (Sheep). 








Am mere : i Pere 
— Solution added. | Cainserum. | yieefitrate, | ultrafitrable. 

ce. mg. per cent mg. per cent 

15 None. 11.6 4.6 40 
15 Na citrate. 11.6 9.9 85 
15 “ acetate. 11.6 4.9 42 
15 ses ‘i 11.6 4.9 42 
15 “ lactate. 11.6 5.8 50 
15 - "= 11.6 5.7 49 
15 as ” 11.6 5.9 51 
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but no convulsions resulted nor was the ultrafiltrability increased 
to the extent obtained with sodium citrate. Later these experi- 
ments were repeated with stoichiometric concentrations of the 
three salts with similar results. 

It is evident from Tables IV and V that, whereas sodium citrate 
evoked convulsions within 1 minute after injection, no convulsions 
occurred when sodium acetate or lactate was introduced: and 
that whereas the serum calcium is nearly 100 per cent diffusible 
when sodium citrate is present, the diffusibility is only slightly 
increased by the introduction of sodium lactate and not at all in- 
creased by sodium acetate. 


DISCUSSION. 


In 1911, Rona and Takahashi (17), employing the method of 
compensation dialysis, found that serum calcium exists in a 
diffusible and a non-diffusible form. The latter fraction, they 
suggested, was most likely bound to serum protein. Using the 
method of ultrafiltration, Cushny (18), Neuhausen and Pincus 
(19), von Meysenbug, Pappenheimer, Zucker, and Murray (20), 
Moritz (21), and Updegraff, Greenberg, and Clark (22) found 
that 45 to 50 per cent of the serum calcium is non-diffusible. 
Cameron and Moorhouse (23) proposed that the non-diffusible 
calcium is bound to some organic substance which may be the 
parathyroid hormone or is regulated by it. Salvesen and Linder 
(24) in their studies on nephritis noticed the parallelism between 
the reduction in serum calcium and protein. They also sug- 
gested that the non-diffusible calcium of the serum exists in 
a protein-like combination. Their indirect evidence has been 
elaborated by Loeb (25) and Marrack and Thacker (26). The 
former ascribes the diffusible and non-diffusible calcium to the 
“Donnan effect” and to a lesser extent to the formation of a com- 
plex calcium-protein compound. The latter investigators mini- 
mize the réle of the “Donnan equilibrium” and explain their 
results mainly on the calcium-protein theory. 

It is not the purpose of this paper to enter into a discussion 
regarding the state of the non-diffusible fraction of the serum 
calcium. It is desirous, however, to point out that our results in 
respect to the diffusible and non-diffusible portions of normal 
serum calcium agree well with those reported in the literature; 
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and in addition, to indicate the specific effect of sodium citrate on 
the non-diffusible fraction whether introduced in vivo or in vitro. 

The effect of citrates on biologic systems has been known for 
nearly a century, but more recently their effect on systems con- 
taining calcium has been studied more systematically. Hastings, 
Murray, and Sendroy (27) demonstrated changes in the solubility 
of calcium phosphate and carbonate when sodium citrate was 
present; and Shipley, Kramer, and Howland (28) were unable 
to obtain calcification in vitro even with a Ca X P product of 60 
if the calcium was present as calcium citrate. 

As to the mechanism of the citrate effect the hypothesis of 
Sabatini that citrate ions combine with calcium to form a soluble, 
unionizable compound seems plausible. That calcium, although 
still soluble, is removed from solution when citrate ions are added 
was demonstrated by Shear and Kramer (29) in this laboratory. 
They studied the ionic interaction between calcium and citrate 
by means of conductivity titrations and found that the addition 
of a solution of sodium citrate to one of calcium chloride resulted 
in a binding of the calcium ions by the citrate. In subsequent 
experiments, performed at 38° Kramer, Shear, and Resnikoff (30) 
found that lactate and acetate behave normally towards calcium 
ions, 7.e., in the same manner as chlorides, while citrate ions show 
the effect noted above, z.e., a diminished ionic activity as indicated 
by a decrease in conductivity. 

Sabatini explained the convulsive seizures as due to the in- 
activation of calcium which is necessary for muscular contraction 
and relaxation. Normet attributes the shock phenomenon to the 
exciting action of sodium citrate on the sympathetic nervous 
system. Citric acid is absorbed by positive ions with the libera- 
tion of sodium, which is thus ready to take violently, from their 
places, the metallic ions of the tissues. This explanation of the 
mode of action of sodium citrate is supported neither by experi- 
mental evidence nor by theoretical speculation. Our ultra- 
filtration experiments and the observations of Shear and Kramer 
would seem to support Sabatini’s hypothesis; namely, that the 
citrate ions combine with calcium to form an unionized com- 
pound and thus rob the organism of its active calcium necessary for 
muscular and nervous stimulation and inhibition. 
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The beneficial effects of sodium citrate in peripheral hemor- 
rhages have been attributed, by Neuhof and Hirshfeld (31), to a 
decrease in clotting time. This, however, has been questioned by 
Joannides (11). It is more plausible to explain the decrease in 
bleeding time as due to vasoconstriction as suggested by Goia and 
Petri (32) and by Normet, not because of the liberation of sodium 
ions but rather to the inactivation of calcium by citrate ions and 
thereby causing contraction of the muscular coats of the blood 
vessels. This seems plausible because of the resuscitating effects 
of vasodilators such as amy] nitrite in animals with sodium citrate 
convulsions. 

From a therapeutic standpoint, it seems that dilute solutions of 
sodium citrate when injected intravenously cause vasoconstric- 
tion and prevent bleeding; while concentrated solutions cause 
convulsions and death. Joannides reports shock in a patient 
treated with intravenous sodium citrate, who subsequently re- 
covered by the administration of calcium chloride; and Kionka 
(33) reports an immediate death in a patient so treated. 


SUMMARY AND CONCLUSIONS. 


1. Sodium citrate when injected intravenously into rabbits in 30 
per cent solution produces almost instantaneous convulsions and 
death. 

2. The serum calcium of such rabbits becomes nearly 100 per 
cent ultrafiltrable as compared to serum of normal rabbits which 
is only 45 to 47 per cent ultrafiltrable. 

3. Sodium citrate when added to serum in vitro renders the 
calcium nearly 100 per cent ultrafiltrable. 

4. The injection of sodium lactate or acetate into rabbits does 
not produce convulsions, nor do these salts increase the ultra- 
filtrability of serum calcium in vitro or in vivo. 

5. These effects may be due to the formation of a soluble, 
unionizable calcium citrate compound. 


We are grateful to Dr. Benjamin Kramer for his kindly interest 
and criticisms and to Miss Elsa R. Orent for invaluable technical 
assistance. 
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FACTORS AFFECTING THE ACCURACY OF THE QUAN- 
TITATIVE DETERMINATION OF VITAMIN A.* 


By H. C. SHERMAN anp M. P. BURTIS. 
(From the Department of Chemistry, Columbia University, New York.) 


(Received for publication, June 2, 1928.) 


The quantitative determination of vitamin A by means of the 
rat growth method has in recent years become a matter of such 
importance as to repay extended study of the several factors in- 
fluencing the accuracy of the résults obtainable by the method 
as now developed. 

The purpose of the present paper is to summarize, as concisely 
as possible, the findings of a number of experiments planned with 
special reference to this problem together with the results of a 
critical examination of the data of some hundreds of determina- 
tions of vitamin A which have been made in this laboratory in the 
course of investigations upon the distribution of this substance 
in nature and its behavior under various conditions. Except as 
otherwise explained, the general procedure in the experiments 
from which the data here discussed were drawn, has been that 
described by Sherman and Munsell.’ 


Selection of Experimental Animals. 


All of the experiments here considered were made with young 
albino rats, 28 to 29 days old at the beginning of the ‘depletion 
period,”’ 7.e. when placed upon the vitamin A-free basal diet for 
depletion of the bodily store of this vitamin; and all were drawn 
from families which have been for many generations under obser- 
vation in this laboratory and are of strictly known nutritional 


* Published as Contribution No. 574 from the Department of Chemistry, 
Columbia University. 

1 Sherman, H. C., and Munsell, H. E., J. Am. Chem. Soc., 1925, xlvii, 
1639. 
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history. As most of these families are being used in nutrition 
experiments continued through successive generations, our 
practise has been not to “breed from the best’’ but to use, as 
breeders, animals which are strictly representative of the average, 
Hence our animals are, at present, not so large as those of many 
laboratories. Another influence probably acting in the same 
direction is the fact that, in the experiments here described, we 
did not artificially reduce the number of young in any litter, nor 
restrict the number of times of breeding, but allowed each female 
to produce and rear as many young as she could. Under these 
conditions, most of our young rats weigh between 35 and 55 gm. 
when 28 days old, and in general only animals within these limits 
of size are used in experiments such as those with which the pres- 
ent paper deals. 

Considerable numbers of experiments have been made with 
young from each of the two diets hitherto most largely used in this 
laboratory, viz. Diet A (Laboratory No. 16) and Diet B (Labora- 
tory No. 13). Diet A consists of one-sixth dried whole milk and 
five-sixths ground whole wheat; Diet B, of one-third dried whole 
milk and two-thirds ground whole wheat. In each case sodium 
chloride is added in the proportion of 2 per cent of the weight of 
the wheat in the food mixture, and distilled water is furnished ad 
libitum. The young from families on the diet containing the larger 
proportion of milk are found to have larger bodily stores of vita- 
min A at a given age, as indicated by the fact that they require a 
longer time (and make more growth) upon the vitamin A-free diet 
before the bodily store of this vitamin is sufficiently depleted 
(or ‘‘diluted” by the growth of the animal) for gain in weight to 
cease. It has also been found that when young from Diets A and 
B are depleted of their surplus vitamin A in the same manner, 
those from Diet B still show higher vigor and greater resistance 
to common infections throughout the subsequent experimental 
period. Thus among the animals used in one series of experi- 
ments it was found that 75 per cent of those from Diet A, and only 
25 per cent of those from Diet B, showed visible signs of infection 
on autopsy at the end of the experimental period. We therefore 
consider it more satisfactory to use young from families on the 
diet containing the higher proportion of milk even though these 
require a slightly longer depletion period. 
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aes In chemical terms the higher proportion of milk means, among ; 
= bad other things, a diet richer in calcium, in certain of the amino acids, 2 
mse aes and in vitamin G (the more thermostable component of the ee 
ee. yitamin B complex), as well asin vitamin A. It is hoped that the i 
— separate significances of these several factors may be shown in sub- PS 
ca sequent papers. Meantime it may be said that the experience x 
: pre: of this laboratory seems to indicate that the vitamin A content 
ners of the family diet influences the vitality of the young, not only 3) 
these in respect to their bodily stores of this substance, but in some : 
other way or ways as well. 3 
) gm. is 
mits Basal Diet. . 
pres- 
The basal vitamin A-free diet, to which the young rats to be 
with used for these experiments are transferred when 28 or 29 days old, 
this consists of: purified casein, 18 per cent; dried yeast, 10 per cent; 
ora- Osborne-Mendel? salt mixture, 4 per cent; sodium chloride, 1 per 
and cent; corn-starch, 67 per cent (diet, Laboratory No. 379 a). 
hole 
om Sources of Vitamin D. 
t of The antirachitic or vitamin D requirement was met (1) by 
| ad irradiating the animals with a mercury vapor quartz lamp, (2) by 
eer irradiating the corn-starch entering into the basal diet, or (3) by 
ita adding to the basal diet 0.05 per cent of irradiated commercial 
we cholesterol; as well as by the bodily store of vitamin D which the 
liet animals contained when separated from the mother and the family 
ed dietary at 28 days of age, and which under our conditions does not 
to become depleted until long after the depletion of vitamin A if the 
nd young animals are kept upon a diet supplying neither vitamin A 
Tr, nor D. : 
ce Of the three methods just mentioned for supplementing the E 
al bodily store and insuring an abundant supply of vitamin D ; 
r throughout the experiment for the determination of vitamin A, ‘ 
ly our experience inclines us to favor the feeding of irradiated com- W 
ja mercial cholesterol or other form of irradiated ergosterol with, I 
re or as a supplement to, the basal diet; but it cannot be said that i 
e either of the other methods used was in any way consistently z 
e detrimental in our experience. x 
? Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1919, xxxvii, 572. 
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Depletion and Test Periods. 


Young rats from our colony, selected and fed as above described, 
usually gain about 35 to 50 gm. in body weight before growth ceases 
upon the basal diet; 7.e., during the depletion period. When 
growth has definitely ceased under conditions which extended 
experience indicates to mean the depletion of the bodily store of 
vitamin A, the animal usually also showing incipient signs of 
vitamin A deficiency, the depletion period is considered com- 
plete; each animal is placed in a separate all metal cage with raised 
screen floor to prevent access to excreta, and the test period or 
experimental period proper is begun. 

Usually, of each litter of animals used in work of this kind, 
one or more is continued on the basal diet without supplement 
as a negative control which is observed daily for symptoms of the 
characteristic pathology of vitamin A deficiency. The experience 
thus gained ultimately enables the worker to detect these symp- 
toms in their incipiency and thus to begin the test period a few 
days after growth has ceased on the basal diet and about 1 day 
before the appearance of distinctly sore eyes, the object being to 
have the animals thoroughly depleted of surplus vitamin A but not 
in a seriously pathological condition when the experimental or 
test period is begun. From this point onward, different test ani- 
mals are fed different amounts of the food under investigation to 
determine what daily allowance of the food will furnish that 
amount of vitamin A just sufficient to permit the rat to grow at 
an average rate of 3 gm. per week; while the behavior of the nega- 
tive controls gives assurance of the representative character of 
the animals which are being employed. 

The nutritional requirement of the standard test animal thus 
becomes the basis for the measurement of the vitamin values of the 
foods or other materials tested; and, in the interest of accuracy of 
such determinations of vitamin A, we have studied the records of 
large numbers of our experiments to ascertain the extent to which 
the gains in weight during the test period are influenced by the sex 
of the experimental animal, or its size at the beginning of the test 
period. 


Relation of Size of Experimental Animal. 


The relation of the size of the experimental animal at the be- 
ginning of the test period to its gain in weight during that period 
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has been investigated by means of a critical study of the data of 
experiments in which two or three animals of the same sex but 
different size had been fed the same amount of vitamin A; and, 
in the cases here considered, always such an amount as to induce 
again at somewhere near the “unit” rate of 3 gm. per week. The 
data were grouped according to whether the animal at the end of 
the depletion and beginning of the test period was small (under 
75 gm.), medium-sized (75 to 100 gm.), or large (over 100 gm.). 
In 81 cases it was possible to compare the results obtained upon 
a medium-sized animal with those of a small animal of the same 
sex; in twenty-eight cases medium-sized and large animals could 
be similarly compared; and in thirteen cases we had sets of three 
strictly comparable animals, one small, one medium-sized, and 
one large. Thus grouped, the data when averaged yielded the 
comparisons shown in Table I. 


TABLE I. 
Comparison of Gains of Small, Medium-Sized, and Large Test Animals When 
Fed the Same Amounts of Vitamin A (about Sufficient to 
Support a Unit Rate of Gain during Test Period). 














Average weight Average Differences and 
Size of rat. No. of cases. at beginning gain in 8 wks. their probable 
of test period. test period. errors. 
gm. gm. gm. 
Small. 81 65 26 + 0.6 6+ 0.9 
Medium. 81 87 20 + 0.7 
Medium. 28 89 25 + 1.1 
Large. 28 115 15 + 1.9 10 + 2.2 
Small. 13 69 30 + 1.9 8 + 2.5 
Medium. 13 89 22 + 1.7 
Large. 13 113 14 + 1.6 8 + 2.3 

















The figures in the last column of Table I show the extent to 
which, in each of the three groupings, the average gain (for 8 weeks) 
of the large or small animals differed from that of the directly 
comparable animals of medium size, together with the probable 
error of this difference. The differences are from 3 to 7 times as 
large as their probable errors, and are undoubtedly significant. 

Hence it appears that in order to obtain results of the highest 
accuracy in quantitative determinations of vitamin A by the’ rat 
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growth method, only such animals as do not differ greatly among 
themselves in size at the end of the depletion period should be used. 
For conditions such as those of our laboratory, a minimum limit of 
70 or 75 gm. and a maximum limit of 100 gm. at the end of the 
depletion period would seem to be desirable. 

There is clearly a tendency toward an inverse relationship be- 
tween the body weight of the animal and its rate of gain upon a 
given limited allowance of vitamin A. Undoubtedly, too, this 
may also be stated conversely; 7.e., that among animals of the 
same species and age the amount of vitamin A required to support 
a given rate of gain tends to vary with the size of the individ- 
ual. This corresponds with the similar relationships previously 
established in the case of vitamin B.*4 


Comparison of Males and Females as Experimental Animals, 


The earlier experience of this laboratory,! which indicated that 
males and females may be used interchangeably in determinations 
of vitamin A by the method here employed, with gains of about 
3 gm. per week in the test period, has now been confirmed by the 
data of large numbers of experiments made in such manner as to 
permit of direct comparison of the quantitative results yielded 
by the two sexes. 

Thus the average gain shown during the 8 weeks test period by 
148 males was 24.6 gm., and by 148 directly comparable females 
was 22.3 gm. 

Statistically, the average difference of 2.3 gm. (or slightly less 
than 0.3 gm. per week) is probably, though not certainly, sig- 
nificant. Practically, it seems so small as to be safely negligible, 
although for investigations in which an extraordinary degree of 
refinement is sought it might be slightly preferable to work en- 
tirely with animals of the same sex. 

Probably any possible slight advantage theoretically attribut- 
able to discrimination between the sexes will actually, in experi- 
ments of this kind, be outweighed by the advantages of being able 
to make greater use of litter mate controls when both sexes are 
employed. 


3 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1922, liv, 739. 
‘Sherman, H. C., and MacArthur, E. H., J. Biol. Chem., 1927, Ixxiv, 107. 
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The very slight tendency toward more rapid growth on the 
part of males than of females of the same age and nearly the same 
size, will in practise tend to be offset by the larger size which the 
males will usually have attained at the beginning of the test period, 
when the animals will usually be about 2 months old. This 
equalizing influence can readily be further availed of, at the cost of 
rejection of very few animals, by specifying a slightly larger stand- 
ard size for male than for female rats at the end of the depletion 
and beginning of the test period. Any laboratory might, for ex- 
ample, decide that only females between 70 and 95 gm. or males 
between 75 and 100 gm. should be used interchangeably as stand- 
ard test animals for quantitative determinations of vitamin A 
by the rat growth method. 

It should, however, be carefully noted that all the foregoing 
discussion of the relation of sex to rate of gain, refers to experi- 
ments in which the level of feeding of the vitamin A-containing 
food or other material to be tested is such as to induce about unit 
growth, z.c. gain in weight of about 3 gm. per week during the 
test period. Much larger differences are to be expected if the 
level of vitamin A feeding is considerably higher, for in this case 
something approaching a normal rate of growth may become pos- 
sible, and, as is well known, the normal growth curve of the male 
rat is distinctly steeper than that of the female at this age. Thus 
when we fed about twice the amount of vitamin A-containing food 
required for unit growth, the average gain during the 8 weeks 
test period was: for 117 males, 57 gm.; for 117 females, receiving 
the same amount of vitamin A, 42 gm. 


Length of Experimental Period. 


The practise of this laboratory, and, we judge, of a large pro- 
portion of research workers elsewhere, has been to continue the 
test period for 8 weeks. Laboratories devoted to control work 
upon cod liver oil commonly use a test period of 5 weeks and this 
was, therefore, incorporated in the United States Pharmacopoeia 
method of determining vitamin A values. With both practises 
in use, and resulting data recorded in terms of the same unit, it 
becomes important to know whether this difference in length of 
test period will influence either the uniformity of the results ob- 
tained or their average numerical values. 
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Averaging the results of 104 of our experiments in which the test 
animals showed about unit growth, we find at the end of the usual 
8 weeks test period a gain of 25.89 gm. (or 3.24 gm. per week) 
with a coefficient of variation of 26 per cent. These same ex- 
periments averaged at the end of the 5th week of the test period 
show a gain of 18.12 gm. (or 3.62 gm. per week) with a coefficient 
of variation of 45 per cent. Thus the shortening of the test 
period to 5 weeks would have resulted in findings somewhat more 
variable and tending to be higher. The average difference of 0.38 
gm. per week in rate of gain is about one-sixth of that which results 
from doubling the vitamin intake under these experimental con- 
ditions; so that the shortening of the test period from 8 weeks to 
5 weeks might be expected, as an average tendency, to increase 
by about one-sixth the numerical ratings of vitamin A values of 
materials thus tested. 


Desirable Rate of Growth during Test Period. 


The English investigators to whom we are indebted for the 
fundamentals of this method of determining vitamin A recom- 
mended that the least practicable gain in weight during the test 
period be taken as the basis for quantitative comparison.’ After 
somewhat extended experience in this laboratory we adopted a 
rate of gain of 3 gm. per week during the test period as a satis- 
factory standard or unit rate; and this same unit rate has also been 
adopted by the United States Pharmacopoeia. A lower level of 
vitamin A intake tends to result in greater mortality or more 
frequent cases of serious illness among the experimental animals; 
and at higher levels of intake the rates of gain are not increased in 
full arithmetical proportion, as was plainly shown by data of 
Sherman and Munsell,' so that quantitative comparisons at 
higher rates of gain necessarily make the method less delicate. 

Others have more recently suggested® that the adoption of a 
higher level of vitamin intake and rate of gain during the test 
period might make the method more satisfactory by inducing a 
more vigorous condition in the test animals. While undoubt- 
edly the higher level of vitamin A intake does result in more 

5 Drummond, J. C., and Coward, K. H., Biochem. J., 1920, xiv, 661. 


6 Dutcher, R. A., Honeywell, H. E., and Dahle, C. D., J. Biol. Chem., 
1927, xxv, 85. 
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vigorous animals, our experience has not, on the whole, confirmed 
the view that the method is thereby made more accurately quan- 
titative. As already noted, there is unavoidably a loss in delicacy 
of response to small increments of vitamin intake as the level of 
vitamin feeding is raised. We also find, as noted above, that 
the higher rates of growth, induced by higher levels of experi- 
mental feeding of the vitamin-containing material under investiga- 
tion, are attended with less regular results as between male and 
female test animals. For young rats from our colony subjected 
to the régime already outlined in this paper, a level of vitamin A 
feeding which induces a gain of 3 gm. per week during the test 
period seems adequate for the maintenance of a sufficient degree 
of health for the purpose of these experiments; and it permits 
of more delicate testing than does comparison at a higher level 
because the higher the level of vitamin intake the less is the 
response induced by a given small increment in this intake. It 
was still conceivable that the higher level of vitamin feeding and 
consequent rate of growth might, through inducing a higher degree 
of health, result in more uniform findings if the experiments are so 
controlled as to prevent the introduction of variations due to the 
differing responses of the sexes at the higher levels. When this 
was done in 104 cases directly comparable with the like number of 
cases mentioned in the preceding section of this paper, our ex- 
periments showed coefficients of variability of 32 and 30 per cent 
at the ends of the 5th and 8th weeks, respectively, when the level 
of vitamin intake during the test period was twice that of the ex- 
periments above mentioned. Here the variability is found to be 
slightly (perhaps not significantly) greater at the higher level when 
the tests are continued for 8 weeks, while at this higher rate of 
growth there was less increase of variability when the test period 
was shortened to 5 weeks. On the whole, we find no certain gain 
in uniformity to balance the undoubted loss in delicacy when the 
higher rate of growth is employed as a standard by means of which 
to make quantitative comparisons of vitamin A values. 


SUMMARY. 


In experiments upon the quantitative determination of vitamin 
A by the rat growth method, the diet fed to the mother, and avail- 
able also to the young until separated from her at the age of 4 
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weeks, was found to influence markedly the vitality of the young 
as shown by susceptibility to infection during the test period, 
even though variations in store of vitamin A in the body were 
eliminated by means of a preliminary depletion period. 

Other conditions being the same, the larger the experimental 
animal at the beginning of the test period the less is its rate of gain 
upon a given limited intake of vitamin A. Doubtless this may 
with equal accuracy be stated in the converse form, that is, among 
animals of the same species and age, the amount of vitamin A 
required to support a given rate of gain in weight tends to vary 
with the size of the individual. 

Under the conditions described, with a rate of gain of about 3 gm. 
per week during the test period, male and female rats may be used 
interchangeably as test animals. 

In experiments in which the rate of gain was approximately the 
standard unit rate of 3 gm. per week, it was found that to have 
shortened the test period from 8 weeks to 5 weeks would have 
resulted in slightly more variable findings and a higher average 
rate of gain per week. The shorter test period therefore tends 
to give the material tested a higher numerical rating in vitamin 
A value. 

The suggestion that a considerably higher rate of gain during 
the test period, such as about 6 gm. per week, be adopted as the 
basis for quantitative work in the determination of vitamin A by 
the rat growth method, is studied by examination of the data of 
over 100 experiments at each of the two levels in question. While 
attractive in some respects, this suggestion, of a change to a stand- 
ard rate of gain distinctly higher than the present unit rate of 
3 gm. per week during the test period, is not, on the whole, found 
desirable, because it decreases the delicacy of the method without 
apparently increasing the accuracy. The present investigation 
therefore supports the continued use of the present unit rate of 
3 gm. per week of gain in body weight in a standard test animal 
depleted of surplus bodily store of vitamin A, as the basis for 
quantitative work in the determination of vitamin A by the rat 
growth method. 
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THE COPPER CONTENT OF MILK. 


By G. N. QUAM ano ARTHUR HELLWIG. 
(From the Chemical Laboratories of Coe College, Cedar Rapids, Iowa.) 
(Received for publication, June 11, 1928.) 


The presence of copper in cow’s milk has been reported by sev- 
eral investigators (1-5). The most extensive investigation was 
that of Supplee and Bellis (2) who determined the copper content 
of freshly drawn milk of a large number of cows fed on different 
rations. They found that the copper content per liter varied from 
0.2 to 0.8 mg., with no apparent correlation between copper con- 
tent and ration. The variation in results obtained by investi- 
gators in widely different localities suggests the possibility of the 
influence of the copper content of native feed products. The 
analyses in this laboratory of milk collected from four states 
would indicate, however, that we can expect quite constant 
copper content of raw cow’s milk. The copper content of milk 
of the sheep and of the goat was found to be about the same as 
that for the cow. The copper content of goat milk was low in 
all cases but always easily detectable notwithstanding the report 
to the contrary by Titze and Wedemann (6). 


EXPERIMENTAL. 


Raw Cow’s Milk.—The samples of milk were collected in glass 
containers, directly from the cows. The possibility of con- 
tamination by copper during the analysis was always checked by 
means of equivalent quantities of copper-free water which were 
treated in the same manner as the milk. The copper was deter- 
mined by the xanthate colorimetric method as modified by 
Supplee and Bellis (2). Fach determination in Table I repre- 
sents the average of three determinations of 100 cc. each of the 
milk from a given cow. Apparently the possible variation in 
copper content of native feeds, such as the grass in Kentucky (7), 
has little or no effect. 
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Raw Sheep Milk.—Samples of milk from a local herd gave the 
results recorded in Table II. The copper content is in very good 
agreement with that of cow’s milk. 

TABLE I, 
Copper Content of Raw Whole Cow’s Milk. 























Herd by locality. | Animal No. Copper. 
mg. per l. 
Iowa. 
Mt. Vernon. 1 0.43 
2 0.42 
3 0.38 
Cedar Rapids. 1 0.42 
2 0.45 
3 0.49 
Luzerne. 1 0.49 
2 0.52 
South Dakota. 
Manfield. 1 0.43 
0.42 
Montana. 
Willard. 1 0.28 
2 0.26 
Kentucky. 
Catlettsburg. 1 0.37 
2 0.40 
TABLE Il. 
Copper Content of Raw Whole Sheep Milk. 
Animal No. Copper. 
mg. per l. 
1 0.45 
2 0.50 
3 0.50 








Raw Goat Milk.—Samples were collected from a local herd,of 
Toggenburg goats. The copper content, as indicated in Table 
III, is much lower than that of cow’s milk. 
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Processed Cow’s Milk.—The copper content of milk that has 
been passed through a manufacturing process may vary between 
wide limits as shown in Table IV. The samples were analyzed 














TABLE III. 
Copper Content of Raw Whole Goat Milk. 
Animal No. Copper. 
mg. per l. 
1 0.22 
2 0.20 
3 0.19 
+ 0.25 
5 0.20 
6 0.19 
TABLE IV. 


Copper Content of Processed Milk. 








Product. Factory No. Sample No. Copper. 
mg. per l. 
Pasteurized whole milk. I 1 0.60 
2 0.70 
3 0.63 
II 1 1.60 
2 1.50 
3 1.60 
Buttermilk. II 1 2.50 
3 2.45 
3 2.40 
Concentrated milk. III 1 2.32 
IV 1 1.80 
V 1 1.80 
VI 1 2.70 














as described above. The concentrated milk samples were four 
common brands of condensed or evaporated milk. In all cases 
the copper was greater than could likely be accounted for in the 
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original raw product. The variation in copper content can be 
traced to the amount of copper surface exposed to the mi 
product. 


— 


. Hess, A. F., Supplee, G. C., and Bellis, B., J. Biol. Chem 
rt 
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ON THE QUESTION OF THE SPECIFICITY OF THE 
INTRACELLULAR DEHYDROGENASES. 


I. THE DEHYDROGENASE OF CUNNER MUSCLE. 
By MARY E. COLLETT. 


(From Western Reserve University, Cleveland, the Marine Biological 
Laboratory, Woods Hole.) 


(Received for publication, May 24, 1928.) 
INTRODUCTION. 


When food substances are burned in the tissues, the process may 
be one of direct addition of active oxygen to the food molecule, 
or of oxidation through the withdrawal of hydrogen from the 
food substance and its subsequent union with oxygen. The 
latter method was first discussed by Wieland (7) and later dem- 
onstrated by Thunberg and his school in a long series of papers 
which have been reviewed briefly by Hopkins (3) and in detail 
by Ahlgren (1). All tissues thus far tested contain a dehydro- 
genase (or dehydrogenases) capable of transferring hydrogen from 
certain donators to methylene blue, oxygen, or other receptors. 
The most complete observations have been made upon frog 
tissues, but considerable work has been done upon the tissues of 
the guinea pig and the muscle of man, rabbit, horse, dove, snake, 
goldfish, lobster, certain seed plants, and Bacillus colt. 

The question at once arises as to whether all the donators are 
attacked by a single dehydrogenase, or whether each one has its 
own specific enzyme. Thunberg and his school have certain evi- 
dence pointing toward the latter possibility. Thus, the crystalline 
lens of the eye (guinea pig) attacks several donators but does not 
affect succinic acid, a donator readily attacked by other tissues 
(2). In the aging of sterile human muscle, power to attack lactic 
acid falls rapidly on the Ist day and then holds firm, power to 
attack citric acid is gradually diminished from the 1st day onward, 
while power to attack succinic acid is little affected in 5 days (5). 
After exposure to extremes of temperature (—70° and +60°) 
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power to attack succinic acid is less affected than power to attack 
citric acid (6). Again grinding the tissue destroys its power to 
oxidize citric acid but does not greatly diminish its power to 
oxidize succinic acid (1). Extracts thus far made are rich in 
succinic dehydrogenase, but attack other donators less readily 
than the tissue itself. Perhaps the best evidence for Thunberg’s 
theory of specificity is found in the fact that when frog muscle is 
added to a mixture containing optimal amounts of two donators 
(succinic and lactic, or succinic and glycerophosphoric acids), 
the reaction is more rapid than if only one of the donators is 
present, a result difficult to interpret unless there are at least 
three dehydrogenases (1). 

The opposite point of view is taken by Wishart (8) who tested 
the decolorization time of a muscle extract upon optimal amounts 
of donators used singly and in pairs. Wishart observed no indi- 
cation of an additive effect, but the value of his observations is 
lessened by the fact that he worked with a rather uncertain 
extract instead of with the muscle itself. Quastel and Wooldridge 
(4) in a long series of experiments upon Bacillus coli also conclude 
that, at least in that organism, there is only one dehydrogenase 
and that one not specific. It is of course possible that the dehy- 
drogenase system is not identical in all organisms. 

Evidently the solution of the problem demands further evidence. 
It is therefore proposed to test the question in various ways on the 
muscles of two organisms, fish and frog. In this paper experi- 
ments upon the muscle of the cunner (Tautogolabrus adspersus) 
are reported, in which optimal concentrations of various donators 
were used singly and in pairs, and the time measured in which a 
given quantity of methylene blue was completely decolorized 
in vacuo. If there is only one dehydrogenase, the decolorization 
time with a pair of donators will be no shorter than with the more 
active of them singly. If there are several specific dehydrogenases, 
each attacking a special donator, the decolorization time must be 
shorter when the donators are used in pairs, for the two reactions 
will proceed independently and the effect will therefore be additive. 


Method. 


In general the standard method used by Thunberg was followed 
(1,6). The fish were stunned by a blow, decapitated, and skinned. 
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The heavy dorsal trunk muscles were removed, cleared of the 
bones. The muscle mass, weighing some 10 gm., was finely 
divided by cutting for 15 minutes with a curved scissors. It 
was then shaken twice, for 15 minutes each time, with 20 times 
its weight of redistilled water in order to remove the donators 
and excess salts. After each washing it was filtered on cheese- 
cloth and perfused with 50 cc. of KzxHPO, 0.075 m. The use of a 
buffer rinse is a departure from the usual method and is useful in 
maintaining the activity of the enzyme at a high level. The 
washed tissue was kept in a covered watch-glass in the refrigerator 
until just before use. 

Stock solutions of the reagents (except methylene blue) were 
made daily with fresh, redistilled water. The content of each 


tube was as follows: 


0.05 cc. methylene blue 1:5000. 

0.15 “ K,HPO, 0.5 m. 

0.10 “ donator 0.1 m (neutralized with KOH). 
(0.10 “ “ 0.1 “) “ “ “ 
0.60 “ H,0O. 


1.0 “ total fluid. 
0.2 gm. washed muscle. 


Each tube was evacuated as soon as the muscle had been 
added. Evacuation requires 30 to 60 seconds with a water pump 
if the pressure is above 50 pounds per square inch. It is important 
to continue the evacuation until all bubbles of gas are removed 
from the tissues. The tube is continually tapped on a cork block 
to keep the tissues from sticking to the walls and to prevent 
foaming. When warming the tube in one’s hand no longer leads 
to the appearance of bubbles, evacuation is complete. 

The time was noted when the tube was placed in the bath and 
again when decolorization was complete. The temperature was 
kept at 36°. The bath is essentially like the one described by 
Ahlgren (1), but differs from his in having the stirrer suspended 
from above the center of the bath and in being heated by blackened 
carbon bulbs. The arrangement was worked out by the apparatus 
department of the Marine Biological Laboratory at Woods Hole. 
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TABLE I. 
Decolorization Time, in Minutes, of Donators Alone and in Pairs. Ts 
Acid. two 
color 
a a 17 29 30 9 | 6 
es. two 
NN cicbaticiniah ei sasaki diinpdintianins 45 | 23 | 43 | of 
“5 UN IIIIR, e655 6sacacunescaews 31 15 16 acetl 
RES Se ans nae ay SO 30 16 13 effec 
“ and glycerophosphoric......... 44 20 17 | high 
Glycerophosphoric...................... 80 40 34 
Citric and glycerophosphoric............ 67 27 32 
aE Pe DORE gt DE AR EE 63 23 44 45 59 
BI OIE GENIE onic ns cccccccessceceas 47 37 | 66 Ir 
Se ii ened ag cad euknt Caead serra 45 23 | 59 
— re 40 22 | 50 oo 
Nida b ecw i oakawcensxoxevncceus 40 22 | 39 ctrl 
Lactic and glycerophosphoric........... 56 | 60 acid 
Glycerophosphoric...................... 56 | 28 | 60 R 
CE iii en cM Ski y hak n a ek kg aids 99 34 | 73 dist 
“ and citric...... | 73 | 55 | 70 
Ee aera: 60 | 42 | 70 
Acetic and succinic...................... | | 23 | 
ye nee ee 42 | 24 | = 
Acetic and glycerophosphoric........... 78 | 40 2. A 
Glycerophosphoric...................... 78 39 49 | 35 | 3. H 
- and l-malic.......... 41 57 | | 4. Q 
SE cates cace 4h Ciaicitdarsauuncen s 38 58 | 5. R 
i ne 31 48 | 6. 7 
SI id noid tna ta dts Genadceiseucnvene 31 47 | | 7.¥ 
l-Malic and succinic.................... | 18 15 8. V 
| ES ee aE a een ae eee 19 13 
TABLE II. 
: Effect of Buffer Rinse upon Decolorization Time, in Minutes. 
i 6 hrs. after washing. 
i Acid. 
; Rinsed. | Not rinsed 
H 
te i. dip sckiedhsbdakducbeediautwakacdec 25 38 
iq IL, 0 cccnuvudnddehucndecuntacncn 60 80 
b Mitts ci dé ddniibbrbdhbdadsdtindeisserac 70 100 
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Results. 


Table I shows typical results. It is evident at once that when 
two donators at optimal concentration are combined, the de- 
elorization is not any quicker than when the more active of the 
two is used alone. There is consequently no evidence whatever 
of an additive effect. In the single experiment performed with 
acetic and butyric acids, the same result was observed. The 
effect of the buffer rinse in keeping the activity of the tissue at a 
high level is shown in Table II. 


CONCLUSIONS. 


In cunner muscle a single dehydrogenase is present, which is 
capable of oxidizing anaerobically several donators; viz., succinic, 
citric, glycerophosphoric, lactic, J-malic, acetic, and butyric 


acids. 
Rinsing the chopped muscle in the buffer after washing it in 


distilled water improves the activity of the enzyme. 
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STUDIES IN THE METABOLISM OF THE BILE. 


II. THE SEQUENCE OF CHANGES IN THE BLOOD AND BILE 
FOLLOWING THE INTRAVENOUS INJECTION OF 
BILE OR ITS CONSTITUENTS.* 


By CARL H. GREENE anp ALBERT M. SNELL. 


(From the Division of Medicine, Mayo Clinic and The Mayo Foundation, 
Rochester, Minnesota.) 


(Received for publication, May 5, 1928.) 


Knowledge of the physiologic mechanisms concerned in the 
formation and excretion of the bile is essential to the understand- 
ing of changes observed clinically in diseases of the liver or biliary 
tract. This is particularly true in the study of those conditions 
in which there is retention or accumulation of biliary constituents 
in the blood. In such conditions the institution of suitable 
treatment must be based on an understanding of the manner in 
which these materials are normally removed from the blood 
stream. We have sought, therefore, to provide an experimental 
basis for future clinical study by an investigation of the sequence 
of changes in the blood and bile following the intravenous injec- 
tion, both of bile and of its two chief constituents, the bile acids 
and bilirubin. 

The rapid disappearance of bile or bile salts from the blood 
stream after their intravenous injection was noted by Kiihne 
(15) and Huppert (13). The methods at their disposal, however, 
did not permit detailed study of the process. The accurate study 
of changes in the bilirubin content of the blood has been made 
possible by the work of van den Bergh (2) in the development of 
the test that bears his name. The work of Aldrich (1) on a 
quantitative modification of the Pettenkofer reaction applicable 
to the analysis of small quantities of blood permits us to estimate 
the bile acids in a similar fashion. 


*Reported in part before the American Physiological Society, 
Rochester, New York, April, 1927, and the Physiological Society, Edin- 
burgh, August, 1927 (8, 9). 

691 








692 Metabolism of Bile. II 


We have used these newer methods to study the elimination of 
bile or its constituents following their intravenous injection. Two 
series of experiments were carried out. The first was planned to 
compare the rate at which bile acids, bilirubin, and bile dis- 
appeared from the blood stream and to determine the effect of 
varying doses. The second was planned to compare the rate at 
which the bile acids and bilirubin were eliminated in the bile and 
the effect of each on the volume and composition of the latter, 


Method. 


The bile used for injection was obtained from hospital patients 
at operation. The absence of infection in such specimens was 
shown by the associated bacteriologic studies of Judd, Mentzer, 
and Parkhill (14). Purified samples of bilirubin were obtained 
from the Eastman Kodak Company. Commercial samples of 
bile salts, obtained from Armour and Company, which are mix- 
tures of sodium glycocholate and taurocholate were used. These 
were analyzed as described by Aldrich and Bledsoe (1) and the 
dosage given was calculated on the basis of the content of bile 
acids. 

Dogs were used in all experiments. In the study of the changes 
in the blood, the desired amount of bile, bilirubin, or bile salts, 
calculated in terms of mg. for each kilo of body weight, was dis- 
solved in a physiologic solution of sodium chloride and injected 
intravenously at a uniform rate by means of a modified Woodyatt 
pump. A period of 1 hour was used for the injections which were 
made into the saphenous vein under local anesthesia. Specimens 
of blood for analysis were withdrawn from the jugular vein at 
the beginning of the experiment. Subsequent samples were 
taken during the period of injection and the course of recovery. 
The amounts given, while large in proportion to the usual daily 
output of a dog with a biliary fistula, were usually well tolerated. 
Some animals were restless and vomited during the injection, but 
recovery was complete by the following day. The largest doses, 
however, were toxic and caused death of the animal in from 12 
to 48 hours. 

The study of the composition of the bile was carried out on dogs 
under amytal narcosis. The gallbladder was removed and a 
cannula placed in the common bile duct. Samples of the hepatic 
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bile so obtained were collected at half hour intervals. Usually 
two preliminary samples were collected to establish the normal 
rate of flow of the bile. Commercial preparations of bile salts 
were then injected intravenously in a dosage equivalent to from 
100 to 125 mg. of glycocholic acid for each kilo of body weight 
and the collection of bile continued for a period of 6 hours. Sam- 
ples of blood were taken from the jugular vein at appropriate 
intervals and the bile acids determined by the method of Aldrich 
(1). The concentration of bilirubin and bile acids in the speci- 
mens of bile was determined by the methods previously de- 
scribed (10).! Kiihne (15), Huppert (13), Hoppe-Seyler (11), 
Brakefield and Schmidt (4), and others have reported the ap- 
pearance of bile acids in the urine following their intravenous 
injection. To prevent such loss through the urine, both kidneys 
were removed at the beginning of the experiment. Control ex- 
periments were made on fasting animals and the effects of the 
injection of hemoglobin and bilirubin were studied for contrast 
with the action of the bile salts. 

To control the effect of the anesthetic and of the operative pro- 
cedures a second group of experiments was performed on a dog 
with a permanent biliary fistula. In the preparation of this 
fistula the gallbladder was removed and the common bile duct 
intubated according to the technique reported by Rous and 
McMaster (16). Samples were collected for analysis according 
to the same schedule as in the anesthetized dogs. 


Rate of Elimination of Bile and Its Constituents from Blood. 


Bile Acids.—When the sodium salts of the bile acids are injec- 
ted intravenously under the conditions of these experiments there 
is rapid increase in the intensity of the Pettenkofer reaction given 
by the blood. Varying amounts of material equivalent to doses 
of from 75 to 400 mg. for each kilo were given. In all cases 
the dosage was considerably in excess of the usual production 


1 Glycocholic acid was used as a standard in the determination of the 
bile acids and the results are reported in terms of mg. of glycocholic acid 
for each 100 cc. of blood or in per cent of the bile. Dog bile normally con- 
tains only taurocholic acid. Wedid not attempt to differentiate between 
the two. The figures obtained should be increased by 10 per cent if a com- 
parison on the basis of taurocholic acid is to be made. 
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of bile acids in an animal, as measured by means of a biliary 
fistula. The smallest dose, 75 mg. for each kilo, caused little if 
any change in the blood. With larger doses (Table I) the bile 
acid content of the blood was markedly increased. The height 
of this increase varied with the dose given. As soon as the injec- 
tion was stopped the excess was removed from the blood with 
great rapidity. In Experiment 5 the level in the blood was in- 
creased to 103.4 mg. for each 100 cc. but this was reduced to 8.5 
mg. within 2 hours. When smaller doses were given the content 
of the blood was not so greatly increased and the normal level 
was regained in a shorter time. 


















































TABLE II. 
Elimination of Bile Acids from Blood Following Rapid Intravenous Injection. 
- - 
$ 38 Time after injection, min. 
g Date. £8 
z On s | w | 1 a0 | 45 | oo | 90 | 120 | 150 | a 
H g | 
rs 4 Glycocholic acid, mg. per 100 ce. 
mg. 
1926 per 
kg. 
7 | May 20} 40 | 5.3) 14.6) 6.9) 6.4) 7.8] 6.8) 6.8) 6.3) 6.0) 5.0) 4.5 
8| “ 17] 80] 5.4) 38.4) 25.1) 11.0) 5.9} 5.8) 5.9) 5.0) 5.3) 4.8) 5.2 
9} “ 21/120 | 5.2) 37.5) 28.1) 20.4) 7.4) 4.8) 5.4 4.8) 5.2) 6.2 
10; “ 13/160 | 5.0) 72.5) 64.0) 61.6) 32.4)14.5) 8.2) 5.8) 5.2) 5.1) 5.1 
11} “ 31/200 | 7.3) 87.0) 75.4) 63.7) 42.8)10.1) 9.5) 7.1) 8.4) 8.4) 7.1 
12| June 1/240 7.3146 .0/126 .0)120 .0)102 .0)70 .0)42 .0/13.3 9.0 8.0) 7.8 

















For purposes of comparison a similar group of experiments was 
made in which the bile acids were given at a more rapid rate. A 
5 per cent solution was used and amounts of from 40 to 240 mg. 
for each kilo were injected within from 2 to 3 minutes. The 
changes in the bile acid content of the blood in these experiments 
are shown in Table II. As with the first group of experiments 
the increase of bile acids in the blood was dependent on the dose 
given. With equivalent doses, the shorter period of injection 
produced a much greater increase in the level in the blood. In 
Experiment 12 a level of 146 mg. for each 100 cc. of blood was 
reached after the injection of 240 mg. for each kilo of body weight. 
The disappearance of the excess of bile acids from the blood was 
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quite as rapid as in the first experiments with slower injections 
and the concentration was reduced to 8 mg. 24 hours later. The 
smaller doses produced less marked increases in the concentration 
and the excess was removed in a correspondingly shorter time. 
In the experiments dealing with the excretion of bile acids in the 
bile, a standard dose of bile acids equivalent to 125 mg. of glyco- 
cholic acid for each kilo of body weight was rapidly injected. 
This produced an approximately tenfold increase in the blood 
over the normal Pettenkofer reading of from 5 to 6 mg. for each 
100cc. The disappearance of the excess was rapid, and, with the 
dosage used, the level in the blood decreased to one-half or one- 
third of the maximum in 30 minutes. The normal value was re- 
gained approximately by the end of the hour. In one experi- 
ment, samples of blood were taken from the portal vein. There 
was no significant difference between the amount of bile acids in 
this blood and in samples from the systemic circulation. We 
were unable to demonstrate bilirubinemia by means of the van 
den Bergh reaction in any of these experiments. 
Bilirubin.—Bilirubin accumulated in the blood during its 
intravenous injection in much the same manner as the bile acids. 
Amounts varying from 10 to 50 mg. for each kilo of body weight 
were given. The effect varied with the dose. As shown in 
Table III, the injection of 10 mg. for each kilo of body weight 
resulted in a concentration of 2.4 mg. for each 100 cc. of serum, 
while a level of 23.1 mg. was attained after the administration of 
50 mg. for each kilo of body weight. The excess of bile pigment 
readily left the blood stream although at a much slower rate than 
the bile acids. Considerable amounts of bilirubin were present 
in the serum 4 hours after the injection in all the experiments, 
except the one in which the smallest dose, 10 mg., was used. The 
curves of bilirubin elimination showed more variation than was 
found in the experiments with the bile acids. These variations 
were seemingly related to the general condition of the animal. 
The injection of bilirubin alone was without effect on the in- 
tensity of the Pettenkofer reaction of the blood. The readings 
for the bile acids were unchanged during these experiments. 
Miztures of Bile Acid and Bilirubin—One experiment (Table 
IV, Experiment 17) was made in which a mixture of bilirubin and 
bile salts was injected. In this experiment the increase in the 
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concentration in the blood and the curve of excretion of each con- 
stituent of the mixture was essentially the same as when each was 
given alone. 

Whole Bile-—Whole bile was diluted with a physiologic solu- 
tion of sodium chloride and injected in the same manner as the 
solutions of bile salts or bilirubin. The changes observed, as 
recorded in Table IV, differ considerably from those that followed 
the injection of purified materials. 

Bile containing an amount of bile acids equivalent to 200 mg. 
for each kilo of body weight increased the amount in 100 cc. of 
blood to 103 mg. in one instance (Experiment 22) and to 70 
mg. in another (Experiment 21). Furthermore elimination was 
greatly delayed and the levels were 18.7 and 45.3 mg., respectively, 
at the end of 3} hours. The same dose of bile salts in pure solu- 
tion raised the reading in the blood to but 26.1 mg. and normal 
levels were regained in less than 2 hours. Similar results, 
although less striking, were obtained by the injection of bile con- 
taining smaller amounts of bile acids. 

Analogous changes were observed in the behavior of the bile 
pigment. In Experiment 22, bile containing 25 mg. of bilirubin 
for each kilo of body weight was injected. This raised the level 
in the blood to 13.2 mg., and 5.3 mg. were still present at the end 
of 4 hours. The same dose of bilirubin when given alone (Table 
III, Experiment 14) provided a maximal concentration in the 
serum of 5.3 mg., and only 0.3 mg. was present at the end of the 
experiment. Similar results were obtained in the other experi- 
ments in which bile was injected. 


Composition of Bile after Intravenous Injection of Certain of Its 
Constituents. 


Bile salts given intravenously have a marked cholagogue effect. 
The increased rate of bile flow could be noted within 15 minutes 
although the maximal effect was present during the second collect- 
ing period (Tables V and VI). This maximal increase varied from 
4 to 10 times the normal, the most marked change being observed 
in Experiment 23 (Table V) in which 15 ce. (1.1 cc. of bile for each 
kilo of body weight) were obtained during one 30 minute collec- 
tion period. The period of maximal choleresis was of short dura- 
tion and did not last more than 2 hours, although the bile flow 




































































700 Metabolism of Bile. II 
was usually somewhat augmented over the normal during the T 
entire course of the experiment. On the other hand, in control mu 
experiments on fasting animals in which salt solution only was The 
injected (Table VII), the bile flow decreased slightly during the prel 
% TABLE V. 
%: Changes in Blood and Bile Following Intravenous Injection of Bile Acids. Cha 
is Experiment 23. Weight of dog 13.3 kilos. E: 
if Bq Blood. Bile. call 
5, — 
‘ 8 | g | Biteacids. Bilirubin,| Bile ae § 
3/3 & 
ec iyTi=a g a al 2 
s/2i/e//2} |2] 13 : 
al/<!is;/ale = = a 
hr. | min Per Per cc ber mg. Bash mg. hr. 
1 6.9 1.1) 80)0.88)4.20) 47) Control period. 1 
} 6.1) 5.7} 1.9} 72/1.37|3.05) 58 3 
5 |64.0) 52 cc. bile salt solution con- 
10 |50.8/52.0 taining 1540 mg. bile acids 
15 |38.2 injected intravenously. 
30 |21.4/24.8/11.0) 16)1.76|4.33) 480) Total bile acids recovered 
45 |14.2 1885 mg., total bilirubin 
hen 28.59 mg. 
1 | 8.9) 7.5)15.0 13)1.95)4.84 730 
1}| 7.7 8.5) 43/3.65)2.62) 222 
2 | 6.7] 7.7| 4.4| 88/3.87|1.90| 84 
} 3.5 96/3 . 36/1 .90 67 
3 | 5.5 3.4) 100/3.40)1.90) 65 
3} 2.5] 108/2.70/2.25| 56 
4 | 5.6) 7.6) 2.2) 110/2.42/2.40) 53 
4} 2.0) 111/2.22/2.97) 59 
5 | 6.2 1.3 144)1 .82)2.97 39 
53 0.5) 144/0.72/2.97) 15 
6 | 4.8) 5.7) 0.5 14410.72|2.97 15 
first two periods but was relatively constant thereafter. This inj 
decrease, first observed by Schiff (17), is associated with the ex- per 
ternal drainage of the bile and consequent interruption of the hot 
normal enterohepatic circulation of the bile acids. val 
. 
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The concentration of bile acids in the bile increased but to a 
much less degree than the increase in volume of the bile secreted. 
The concentration in the normal hepatic bile obtained during the 
preliminary periods varied from 1.80 to 6.04 per cent. After the 


TABLE VI. 
Changes in Blood and Bile Following Intravenous Injection of Bile Acids. 
Experiment 24. Weight of dog 12.2 kilos. 
























































JTimeof | Blood. | Bile. | 
§ | = | | Bilirubin. | = | ne 
2 | & |Biteacids.| ¢ [>|] _| 
e = | E | < | | < 
g/2| iz] |2| [2 | 
, ; mg | mo. per 
a poe = ce. = ™9- | cent ag 
1 | | 1.0) 117)1.17)4.9 | 49 Control period. 
} | 6.3 0.6 1170.70) | 
| 5 56.1 | | 46 cc. bile salt solution con- 
10| 50.6 taining 1400 mg. bile acids 
115] 38.9 | | | injected intravenously. 
| 30 22.4 9.3) 23/2.14'5.95) 554 Total bile acids recovered 
45) 11.5 | | 1925 mg., total bilirubin 
| hrs, | | | 39.79 mg. 
/ 1| 10.9 {12.6 16/2.02! .65| 586 
| uu} 6.8 | 5.4| 46)2.48/4.10| 221 
| 2] 6.1 33 77|3.38|3.53) 155 
| 23] 2.6| 113/2.94/3.54| 92 
| 3| 5.8 | 2.3) 137 3.15)2.02) 46 
| 33) 2.1 147|3.09)1.57| 33 
4) 5.7 | 43 134'5.75)1.18) 51) 
4} | 4.6) 132/6.06|1.11) 51| 
| 5| 5.5 | 4.3! 6812.92)1.02| 44! 
5} | 4.6) 62/2.85/1.00| 46) 
| 6| 5.4 | 4.6 64/2.9411.00| 46 





injection of bile salts the maximal values varied from 4.33 to 6.00 
per cent. This maximal value was attained during the Ist 
hour; later the concentration of bile acids diminished and minimal 
values of 1.00 to 2.94 per cent were reached during the latter 
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portion of the experiment. 


Metabolism of Bile. 


II 


Similar changes in concentration were 


observed during the control experiments. 
The effect of the intravenous injection of the bile acids on their 


excretion in the bile is best shown when the total quantity rather 
than the concentration is studied. During the preliminary 


TABLE VII. 


Changes in Blood and Bile in Control Experiment. 
Weight of dog 11.1 kilos. 


Experiment 25. 









































eime.of  |Blood. Bile. 
& |3 Bilirubin. | Bile acids. Remarks. 
& |. | Bile | Vol- 
es | acids.| ume. 
$5 | 3s Total. Total. 
m <= 
hr min. = ce. ‘- mg pawl mg. 
cent cent 
1 1.0 | 0.7 | 173 | 1.21) 4.45) 31 | Control period. 
3 5.0 | 0.3 | 183 | 0.55) 4.50) 13 
5 | 4.4 35 ec. physiologic solution of 
10 | 4.5 sodium chloride injected 
15 | 4.2 intravenously. Total bile 
30 | 5.0 | 0.2 | 311 | 0.61) 5.00} 10 acids 209 mg., total bili- 
45 | 5.0 rubin 15.80 mg. 
hrs, 
1 | 5.2} 0.4] 315 | 1.26) 6.40) 25 
143 | 5.3 | 0.4 | 294 | 1.18) 5.08) 20 
2 | 4.3] 0.4 | 375 | 1.50) 4.10) 16 
23 0.4 | 379 | 1.50) 4.80) 19 
3 | 4.5 | 0.3 | 400 | 1.20) 5.40) 16 
3} 0.4 | 365 | 1.45) 5.10) 20 
4 | 4.4] 0.5 | 433 | 2.16) 5.17) 26 
4} 0.4 | 390 | 1.56) 4.45) 18 
5 | 4.2 | 0.5 | 320} 1.60) 2.78) 14 
5} 0.5 | 276 | 1.38) 2.82) 14 
6 0.4} 98 | 0.40) 2.82) 11 





























periods of the various experiments, the amount varied from 13 
to 60 mg. (1.2 to 4.4 mg. for each kilo of body weight) for each 
30 minute period depending on the condition of the animal. In 
the control experiments the output of bile acids was greatest 
during the first two periods (Table VII, Experiment 25). There- 
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TABLE VIII. 
Changes in Blood and Bile of Animal with Permanent Biliary Fistula, 
Rf Blood. Bile. 
Nn were ——— | —_— 
8 3 Bilirubin. | Bile acids. Remarks, 
, £/s ile | Vol- 
) their fa]. = a. can. 
rather 33 | =5 Total. Total. 
‘in - : : 
ary Experiment 28. Weight of dog 14.6 kilos. Changes following the 
intravenous injection of bile acids. 
hr. | min. oo ce, a my. ath mg. 
cent cent oo 
1 6.1) 7.4) 16 | 1.17) 2.34) 173 | Control period. 
} 6.0] 6.5) 21 | 1.42] 1.28] 83 
5 | 37.2 46 cc. bile salt solution con- 
32.0 " taining 1460 mg. bile acids 
5 | 21.3 injected intravenously. 
30 | 10.1) 15.1) 14 | 2.08) 3.60) 540 Total bile acids recovered 
45 7.3 1304 mg. 
hrs. 
1 6.6} 8.5) 20) 1.66) 2.42) 206 
13 6.5) 7.3) 38 | 2.75) 1.55) 113 
2 6.5) 6.3) 48 | 3.00) 1.02) 64 
ail } 6.2} 71 | 4.43] 0.93} 58 
sell 3 | 6.1] 6.1] 54 | 3.30] 0.88} 54 
I bile 3} 4.8| 60 | 2.90| 0.87} 42 
bili- 4 | 6.3} 5.1) 62] 3.20] 0.87) 44 
4} 5.3) 56 | 3.00) 0.91) 48 
5 5.9} 5.0) 61 | 3.05) 0.92) 46 
5} 5.0) 61 | 3.00) 0.92; 46 
6 5.7) 4.6) 56 | 2.60) 0.94) 43 
Experiment 29. Weight of dog 14.6 kilos. Control experiment. 
1 13.0, 40 | 5.20 1.63] 181 | Control period. 
} 6.7} 8.0) 44| 3.50) 1.39) 111 
} 8.2| 67 5.55] 1.00) 82 | 29 ec. salt solution injected 
1 6.5] 7.8) 91 | 7.10) 0.76) 59 intravenously. Total bile 
1} 7.6 68 5.15] 0.59) 45| acids 627 mg. 
2 | 6.7| 7.5} 63 | 4.70) 0.57) 43 
— 23 8.9 58 4.60) 0.56) 45 
3 3 6.5) 8.3) 61 5.05) 0.59) 49 
| 34 8.9| 56 | 4.95| 0.56] 50 
ch 4 | 6.5} 7.9| 57 | 4.50) 0.55) 44 
In 4} 7.3) 60 4.40 0.72 53 
re. 5} 7.0) 57 | 3.95) 0.76) 53 
| 6 | 6.3) 7.3) 65 | 4.75] 0.72} 53 
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after it was constant or decreased gradually during the observa- 
tion period, the final readings being one-half to one-third of the 
initial ones. Following the injection of bile salts, on the other 
hand, there was a marked increase in the total quantity ex- 
creted in the bile. Approximately 0.75 gm. was obtained in the 
second half hour specimen in Experiment 23 (Table V). This 
increase was for the most part confined to the first four collection 
periods after the injection. In the more satisfactory experiments 
sufficient bile acids to account for the whole of the amount in- 
jected were excreted during this 2 hour interval. 

Similar results were obtained in the experiments on a dog witha 
permanent biliary fistula (Table VIII). Such animals consistently 
excrete a larger volume of bile than those operated on under 
anesthesia, but the concentration of bile acids is less. Apart 
from this difference, the physiologic response to the injection of 
bile salts was the same in both types of experiments. The re- 
covery of the injected bile acids was slightly less complete in the 
animal with a permanent biliary fistula. However, qualitative 
tests showed the presence of bile acids in the urine and this renal 
loss will serve to explain the discrepancy. 

A striking phenomenon in these experiments was the decrease 
in the intensity of the color of the bile during the periods of 
marked choleresis. The concentration of bilirubin in the bile 
during the preliminary periods varied from 54 to 186 mg. per 
cent. This concentration was promptly reduced to between 9 
and 17 mg. following the injections, but the concentration gradu- 
ally increased to a later maximum of from 56 to 147 mg. A 
consideration of the total quantity excreted shows that the 
normal rate of excretion was maintained during the Ist hour of 
the experiment, but thereafter, there was a gradual increase to 2 
or 3 times that value between the 2nd and 5th hours. The excre- 
tion of bilirubin in the normal control was maintained at a rela- 
tively uniform rate throughout the experiment. The concentra- 
tion in the bile increased slightly but the total quantity was con- 
stant apart from the fluctuations inherent in the collection and 
measurement of such small samples of bile. 

Frerichs (7) observed the appearance of bilirubin in the urine 
after the intravenous injection of solutions of bile salts. He 
ascribed this to the transformation of bile salts into pigment. It 
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remained for Kiihne (15) to point out that this extra pigment had 
its origin in hemoglobin set free in consequence of the hemolytic 
action of the bile acids. An additional control experiment 
(Table IX), was therefore performed in which the animal re- 
ceived 1 cc. of laked blood for each kilo of body weight. ‘This in- 


TABLE IX. 
Changes in Blood and Bile Following Intravenous Injection of Laked Blood. 
Experiment 26. Weight of dog 12.0 kilos. 


















































BR 8 Blood. Bile. 
3 |3 Bilirubin. | Bile acids. Remarks. 
£ | 4 | | Bile | Vol- 
2c « & |acids.| ume. 
$3 | $3 Total. Total. 
Fe = 
hr min Per ce. er mg. ee mg. 
1 0.70) 117 | 0.82) 6.04) 42 | Control period. 
4 5.1 | 0.60) 186 | 1.11] 7.70) 46 
5 | 4.2 12 ec. laked blood injected 
10 | 5.1 intravenously. Total bile 
15 | 4.4 acids 211 mg., total bili- 
30 | 5.0 | 0.50) 264 | 1.32) 6.91) 35 rubin 42.88 mg. 
45 | 5.1 
hres. 
1 5.0 | 0.75) 275 | 2.06) 4.04 30 
4 | 5.1 | 0.45) 670 | 3.01) 4.22) 19 
2 5.7 | 0.45) 625 | 2.82) 4.00) 18 
23 0.30) 876 | 2.62) 3.64) 11 
3 0.251000 | 2.50 10 
} 0.55) 910 | 5.50) 3.85) 21 
4 5.7 | 0.45) 880 | 3.96) 2.50) 11 
4} | 0.65) 880 | 5.70) 2.86; 19 
5 5.1 | 0.50) 710 | 3.55) 2.50) 13 
5} 0.70| 710 | 4.95| 2.00) 14 
6 | 4.8 0.40) 690 | 2.76 2.50 10 














jection of hemoglobin produced a threefold to fourfold rise in the 
excretion of bilirubin between the 2nd and the 6th hours. The 
maximal increase occurred about the 4th hour. There was no 
increase in the flow of bile in this experiment; the volume output 
was small, and the specimens were extremely concentrated. 
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Bilirubin alone produced a somewhat similar result. In Ex. 
periment 5 bilirubin was injected intravenously in a dosage 
equivalent to 2 mg. for each kilo of body weight (Table X). 


The pigment left the blood rapidly although at a slower rate than 
the bile salts. The serum bilirubin was increased to 2.5 mg. 5 


TABLE X. 
Changes in Blood and Bile Following Intravenous Injection of Bilirubin. 
Experiment 27. Weight of dog 17.5 kilos. 
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BR nl ‘Blood. Bile. 
3 g | Bilirubin. Bile acids. | Remarks. 
= | -= . | Bili- | Vol- | 
2c » & jrubin.) ume. | | 
so) 55 | | Total. | | Total 
wand 2 | | 
mg. | mg. = 
hr min oud | ec ol mg. | ah | mg. 
cen | | cen 
1 0.0 | 0.70, 35 | 0.25 | 3.35} 23 | Control period, 
} | 0.0 | 0.45) 45 | 0.20 | 3.20] 14 | 
5 | 2.5 | | | 35 ec. solution containing 
10 | 2.3] | 35 mg. bilirubin injected 
15 | 1.7 | intravenously. Total 
30 | 1.1 | 0.25) 36 0.09 | 3.60) 9 bilirubin recovered 59.47 
45 | 0.7 mg., total bile acids 615 
hrs. | mg. 
1 | 0.6 | 0.60) 120 | 0.72 | 6.55) 40 
14 | 0.5 | 0.75] 320 | 2.40 | 6.60) 49 | 
2 | 0.3 | 1.60) 820 |13.10 | 7.90) 126 | 
| 23 | 0.2 | 1.80/1050 |18.90 | 8.35) 150 | 
| 3 | 0.1 | 0.75] 950 | 7.10 | 8.30} 62 | 
| 3$ | 0.0 | 0.45] 840 | 3.80 | 8.40] 38 | 
| 4 | 0.0 | 0.45) 700 | 3.15 | 7.40 33 | 
| 43 | 0.0 | 0.65) 700 | 4.55 | 7.65) 50 | 
| 5 | 0.0 | 0.30) 640 | 1.92 | 7.25} 22 | 
| 5} | 0.0 | 0.30) 645 | 1.94 | 6.10) 18 
| 6 | 0.0 | 0.30) 600 | 1.80 | 6.10} 18 | 





minutes after the injection. 2 hours later it had fallen to 0.3 mg. 
This curve of elimination from the blood is similar to curves re- 
ported in the first section of this paper. The maximal excretion 
in the bile came in the fourth, fifth, and sixth half hour periods 
after the injection. The bilirubin was injected in 0.1 per cent 








soli 
ma 


oe of GD 


—eK - St © 


n Ex. 
losage 
e X). 
' than 
mg. 5 


rubin, 





XUM 


C. H. Greene and A. M. Snell 707 


solutions, but during these periods the bile contained approxi- 
mately 1.0 per cent of bilirubin, a concentration 20 times that 
in the initial control specimens and 10 times that of the bile origi- 
nally obtained from the gallbladder of the same dog. In this 
experiment, there was an increase in both the concentration and 
volume of the bile, hence there was a very great increase in the 
total excretion of pigment. The total quantity of bilirubin in- 
jected was recovered in the bile during the experimental period. 
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Fic. 1. Comparison of the changes in the bile acid content of the blood 
following the timed intravenous injection of (1) bile acids alone, (2) a 
mixture of bile acids and bilirubin, and (3) whole bile. The same dose of 
bile acids, 200 mg. for each kilo of body weight, was given in each ex- 
periment. 


DISCUSSION. 


The results obtained emphasize the independence in the 
physiologic behavior of bile acids and bilirubin. The increase in 
their concentration in the blood after the intravenous administra- 
tion of bile or its constituents was determined by the dosage of 
each and the speed of injection. The bile acids are eliminated 
rapidly. Even the maximal dosage compatible with recovery of 
the animal, increases the concentration in the blood for only an 
hour or two. Injected bilirubin, on the other hand, leaves the 
blood at a fairly uniform rate over a period of several hours. 

The experiments suggest that whole bile is more toxic than 











708 Metabolism of Bile. II 
either of its major constituents, a conclusion at variance with that 
of Horrall (12). Unfortunately there is no mention of dosage in 
his report so that it is difficult to compare the two series of ex- 
periments. The differences in the experimental technique may 
also serve to explain this discrepancy. We found that the injec- 
tion of whole bile produced greater increases in the amount of bile 
acids in the blood, and the excess is more slowly removed from the 
blood stream, than when equivalent amounts are injected in pure 
solution (Fig. 1). Similarly, the injection of bilirubin solutions 
causes a lesser increase in the serum content and the excess is 
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Fic. 2. Comparison of the changes in the serum bilirubin following the 
timed intravenous injection of (1) bilirubin alone, (2) a mixture of bilirubin 
and bile salts, and (3) whole bile. The same dose of bilirubin, 25 mg. for 
each kilo of body weight, was given in each experiment. 


removed from the blood stream more rapidly than when bile 
containing an equivalent amount of pigment is given (Fig. 2). 
The elimination of these substances also may be greatly pro- 
longed by various conditions which presumably affect the liver. 
This emphasizes the possibility of using injections of bile salts 
or bilirubin as tests for hepatic function. The clinical use of 
bilirubin has been reported by von Bergmann (3) and Eilbott (5), 
while studies on the elimination of the bile acids in experimental 
obstructive jaundice have been reported by Snell, Greene, and 
Rowntree (18). The curves showing the elimination of intra- 
venously injected bile acids emphasize the rapidity of this process. 
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. Fic. 3. Comparison of the changes in the volume and composition of the 
f bile following the intravenous injection of bile acids and bilirubin. The 
ts upper chart shows the changes following the injection of bile acids in 
of Experiment 23. The lower chart shows the changes following the injection 
), of bilirubin in Experiment 27. The volume of the bile and the excretion 
i] of bile acids and bilirubin are shown. Two half hour collections of bile 
d were taken in all experiments preceding the injection. 
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Their appearance in the bile follows the disappearance from the 
blood, with only a slight lag dependent on the rate of éxcretion by 
the liver. This depends in part on the condition of the animal; 
but if operative shock is avoided, or if an animal with a perma- 
nent biliary fistula is used, all of the injected bile acids may be 
recovered in the bile within 2 hours. 

The cholagogue action of the bile acids is well shown in these 
experiments (Fig. 3). They are excreted primarily by an in- 
crease in the volume of the bile and the greatest change in the 
latter corresponded with the excretion of the greatest amount of 
the bile acids. The concentration of the bile acids was likewise 
maximal at such times, though the degree of change in con- 
centration was much less marked than that in volume. The in- 
crease in the volume of bile, however, persisted for a period 
after the total output of the bile acids returned to the normal 
level. The bile in consequence was more dilute in the late 
after period. 

The intravenous injection of solutions of bile salts results in the 
destruction of a certain number of erythrocytes. This is signified 
by an increase in the excretion of bilirubin during the later stages 
of the experiment. Similar changes in the output of pigment are 
produced by the intravenous injection of hemoglobin. When 
pure bilirubin is injected intravenously it also disappears from the 
blood to be excreted in the bile. This process, however, takes 
place more slowly than in the case of the bile acids, although 
seemingly it is equally complete. The excretion of injected 
bilirubin takes place primarily by an increase in the concentration 
of the bile rather than by a change in the volume output (Fig. 3). 
In one experiment there was an increase in the amount of bile 
during the periods of maximal excretion of bilirubin, but the 
cholagogue effect was slight, especially when contrasted with the 
marked effect of the bile acids. When the excretion of bilirubin 
is less pronounced, as after the injection of hemoglobin, the volume 
of the bile is not increased. 

These experiments serve to emphasize the independence of the 
excretion of the bile acids and of bilirubin in the bile. The 
maximal concentration of bile acids observed was about 6 per 
cent. Foster, Hooper, and Whipple (6) reported concentrations 
of from 7 to 9 per cent in some of their experiments on animals 
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with fistulas. They used the gallbladder in the construction of 
the biliary fistula and a further concentration by this viscus 
cannot be excluded in their experiments. These high concentra- 
tions, however, were obtained in experiments in which the output 
of bile was reduced after the ingestion of sugar. We observed a 
concentration of 8 per cent of bile acids following the intravenous 
injection of bilirubin (Table X). In this experiment a rela- 
tively small amount of concentrated bile was obtained. The usual 
output was more dilute. The bile obtained in experiments on 
dogs with permanent biliary fistulas was in general more dilute 
than that secured by the direct intubation of the common duct 
under anesthesia. Injury to the liver by obstruction to the 
fistula or by infection further reduces the attainable concentra- 
tion of bile acids in the bile. -Apparently the usual range of 
variation in the concentration of bile acids in the bile as secreted 
by the liver is relatively slight and an increase in the output of 
bile acids is primarily attained through the medium of an in- 
crease in the volume of the bile. In this respect the condition is 
analogous to the condition in chronic nephritis in which there is a 
loss of the concentrating activity of the kidney, and the excretion 
of urea can be augmented only by an increase in the volume of 
the urine. 

The liver is normally able to secrete bile of a widely varying 
bilirubin concentration. These experiments suggest that con- 
centrations of from 20 to 1000 mg. for each 100 cc. are still within 
the limits of the normal. An increased excretion of bilirubin in 
the bile is brought about primarily by an increase in the con- 
centration of the bile pigment, although when excessive amounts 
are present there may be an additional increase in the volume 
output. The data do not furnish very good evidence that 
bilirubin is washed out by an increased output of bile. On the 
other hand, the experiments were performed on normal animals 
in which bilirubin is excreted as rapidly as it is formed. 

Clinical observations suggest that in some cases of disease of 
the liver, the bile contains only small amounts of pigment and 
“white bile” of hepatic origin may be present. Furthermore, 
although increased concentration of pigment in the bile is a 
recognized feature of hemolytic icterus this of itself is not suffi- 
cient to prevent the retention of bilirubin and the development of 
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jaundice. The importance of further study of the physiologic 
factors determining the excretion of bile acids and bilirubin under 
such pathologic conditions is obvious. 


SUMMARY. 


Whole bile, bilirubin, and the bile acids quickly disappear from 
the blood stream following their intravenous injection in dogs. 
The bile acids leave the blood rapidly. Even with maximal doses 
the excess is removed within 2 hours. Bilirubin, on the other 
hand, is eliminated at a somewhat slower rate. When whole 
bile, obtained at operation, is injected, there is a greater increase 
in the level of each constituent in the blood, and the excess leaves 
the blood less rapidly than if given in pure solution. 

This study also presents the curves of excretion by the liver of 
intravenously injected bile acids and of bilirubin, and compares 
the simultaneous changes in the concentration in the bile with 
those in the blood. 

Bile acids have a pronounced cholagogue action; it was greatest 
during the first 2 hours of these experiments but the increased flow 
of bile continued for a longer period. The intravenously injec- 
ted bile acids were excreted primarily by an increase in the 
‘volume of the bile rather than by changes in its concentration. 
The total quantity of bile acids administered could be recovered 
in the bile within 2 hours. 

Injections of bilirubin or hemoglobin increase the output of 
pigment in the bile. This augmented rate of excretion is brought 
about primarily by an increase in the concentration rather than 
by changes in the volume of the bile. 

Excretion of injected bilirubin takes place more slowly than the 
excretion of the injected bile acids. 
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NOTE ON THE FRACTIONATION OF SERUM PROTEINS 
BY MEANS OF AMMONIUM SULFATE. 


By ANNA MUSCHEL. 
(From the Laboratory Division of the Hospital for Joint Diseases, New York.) 


(Received for publication, April 10, 1928.) 


We have adopted the method proposed by Van Slyke and 
Cullen (1) and modified by Petschacher, Berger, and Schretter 
(2), who removed the free ammonia of the albumin solution with 
a current of air instead of steam. We have further modified the 
method by aerating at 60—-70°, and by the use of superoxol. Total 
nitrogen can be determined with sufficient accuracy in dilutions 
corresponding to 0.1 cc. of serum. Albumin plus non-protein 
nitrogen can be determined in dilutions corresponding to 3 cc. 
of serum. 

Total nitrogen is estimated in serum diluted tenfold with 0.9 
per cent sodium chloride solution. 1 cc. of the dilution is digested 
with 2 cc. of concentrated sulfuric acid and 2.5 cc. of 2 per cent 
copper sulfate solution. (Practically the same figures for nitro- 
gen are found if the oxidation is finished by addition of 0.2 cc. of 
superoxol, Merck.) 

The globulin is precipitated by half saturation with ammonium 
sulfate in serum diluted threefold with distilled water. The 
ammonium sulfate is added under constant shaking and after 
short standing the mixture is centrifuged for about 30 minutes 
at a speed of 2500 r.p.m. The supernatant fluid is carefully 
pipetted and used for determination of albumin plus non-protein 
nitrogen. The ammonium sulfate is decomposed by magnesium 
oxide in 50 per cent alcohol, as suggested by Van Slyke. The 
liberated ammonia is carried off by a rather vigorous air current, 
washed free of ammonia, care being taken to push the aeration 
tube down as far as possible. The flasks are kept in a water 
bath of 60-70°. After 2 to 3 hours the ammonia is completely 
driven off. It is advisable to have the temperature of the water 
bath not higher than 70° to prevent the contents of the flasks 
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from drying out, for otherwise it becomes difficult to determine 
whether the ammonia has been removed completely. To the 
residue in the flasks a few cc. of distilled water, 2.5 cc. of 20 per 
cent copper sulfate, and 2 cc. of concentrated sulfuric acid are 
added, and the flasks are heated over a low flame until the con- 
tents appear to be in fine suspension; then the water is boiled off 
and as soon as white fumes begin to appear, 0.2 cc. of superoxol 
(Merck) are added; the mixture clears up after a few minutes. 











TABLE I. 
| lg | | 
| Calcu- BR Asean | | 
lated | S | concen- | | Deviations from 
Solution used. Jconcen- & | tration, | Deviation from average. calculated 
7 ner | 5 | per concentration. 
100 ce | 3 | lec. | 
| 4 | 
mg. | mg | per cent | mg. per 100 cc, 
Ammonium sulfate | 75.42) 3 | 75.17 | +0.5, —0.1, —0.4) —0.25 (—0.3 
solution 2 ce. (1.508) | per cent). 
mg. N). | | 
} | 
Urea solution 2 cc. | 75.33) 7 | 73.48 | +0.7,+0.8, —6.8,) —1.85 (—2.5 








(1.507 mg. N). 


| 
Urea solution 25 cc. 75.33) 4 | 74.12 | 

(18.83 mg. N). 
The ammonium sulfate used was Merck’s reagent quality, dried to 
constant weight at 105°. The urea used was Eimer and Amend’s urea, 
pure, dried to constant weight over concentrated sulfuric acid. The 
estimations of urea were made on different days in duplicate or triplicate. 
Macro-Kjeldah! determinations were employed in the last four analyses. 


| —0.5,+0.4,+0.6,) per cent). 
—0.4 


+1, —1, 40.3, —1.21 (-1.6 
—0.3 per cent). 











(Without addition of superoxol the oxidation takes a few hours 
and needs much supervision.) 

For determination of non-protein nitrogen the usual precipita- 
tion with tungstic acid is used. 

We have used for distillation the apparatus suggested by 
Fuchs (3), with the modification of using a Hopkins trap and sub- 
stituting a block tin coil and Pyrex tubing for the Jena glass 
tubing used by Fuchs. 

To obviate repeated testing for the end-point of the distillation 
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it seems advisable to distil half the volume in the distilling flask 
over, starting with a total volume of about 40 cc. The dis- 
tillation should be slow in the beginning and the tin coil should 


TABLE II. 
Protein Fractionation of Serum. 















































| la | | {3 
s | E | | F Rati 
— - | — io, 
% protein] S| “average | min | in: | S| averge  (elebulin: 
2 | | Ss | Ss 
Fa lz | | ig 
} — - | 
lamp 2er| | percont | a, Ber] am, per percent | 
1 | 7.12} 4 | +0.2, -0.5 | 4.80} 2.33| 3 | —2,+0.8, | 1:2.06 
| | | +0.9,-0.5]| - +1.2 
ta | 
2 19.26] 4 | 40.1, +1.4 | 6.43] 2.82) 3 | 0.4, +0.7 | 1:2.27 
| | —0.3, —1.1 +0.1 
3 | 8.07| 4 | -1.5, -0.2 | 5.40 | 2.67| 4 | —0.3, +0.2 | 1:2.02 
| | +0.5, +1.2 +0.1, —0.2 
4 |7.65| 4 | +0.4, -1.9 | 5.13 | 2.51} 4 | +0.2, -2.3 | 1:2.04 
| | | 41.5, +0.1 +1.7, +0.5 
| | 
| | 
5 |7.78| 4 | -1.5,+2.6 | 5.22| 2.56] 4 | +2.5, —0.8 | 1:2.04 
| 
| | | -2.7, +1.6 | | —2, +0.5 





The blood was taken from one person on different dates (December 27, 
1927; January 10, January 30, February 8, February 22, 1928). It was not 
taken in the fasting state, but uniformity of conditions was maintained as 
much as possible. On January 10 (Sample 2) the blood became hemo- 
lyzed. 

For determination of total nitrogen we have used a dilution correspond- 
ing to 0.1 ec. of serum. For determination of albumin plus non-protein 
nitrogen we have used a dilution corresponding to 3 cc. of serum. For 
determination of non-protein nitrogen we have used a dilution correspond- 
ing to 0.5 cc. of serum. 


be cooled sufficiently. The excess acid is titrated with 0.05 N 
sodium hydroxide, with methyl red and methylene blue as 


indicators. 
A micro burette of 5 cc. capacity, having subdivisions of 0.02 cc., 


is used. 
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The method gives satisfactory results on ammonium sulfate 
and urea, and also on serum, as shown in Tables I and II. It is 
also shown that for the same person the ratio globulin:albumin 
remains constant for a period of about 2 months, if the technique 
for obtaining blood is correct. 
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CLINICAL CALORIMETRY. 


XLII. A COMPARISON OF THE EFFECT OF GLUCOSE AND 
DIHYDROXYACETONE ON METABOLISM. 


By W. S. McCLELLAN,* A. BIASOTTI,¢ anp R. R. HANNON. 
WitH THE TECHNICAL ASSISTANCE OF G. F. SoDERSTROM AND V. TOSCANI. 


(From the Russell Sage Institute of Pathology in Affiliation with the Second 
Medical (Cornell) Division of Bellevue Hospital, New York.) 


(Received for publication, May 29, 1928.) 


INTRODUCTION. 


The study of the intermediary metabolism of glucose has recently 
occupied the attention of a number of investigators who have approached 
the subject by using the triose dihydroxyacetone, CH,AOH-CO-CH,OH. 
Rabinowitch (1) and Mason (2) have reviewed the earlier work with di- 
hydroxyacetone which was limited on account of difficulties in its prepara- 
tion. They noted in the course of their own investigations that blood 
sugar curves in normal subjects, following dihydroxyacetone administra- 
tion, were only slightly elevated in comparison with those following an 
equal amount of glucose. Mason (2) found in normal men a more rapid and 
greater elevation of non-protein respiratory quotient, carbohydrate com- 
bustion, and total heat production after giving dihydroxyacetone than 
after giving glucose. In diabetic patients, Rabinowitch (1, 3) and Ker- 
mack, Lambie, and Slater (4) report improvement following the ingestion 
of dihydroxyacetone on the basis of a falling blood sugar level, reduction 
in the severity of ketosis, and improvement in general clinical appearance. 
Mason (5) reported in diabetic subjects a greater rise in the non-protein 
respiratory quotient, carbohydrate combustion, and heat production after 
dihydroxyacetone than after glucose. He noted at the same time that the 
rise in blood sugar curves was less marked and the return to fasting level 
was quicker after dihydroxyacetone. Himwich, Rose, and Maler (6) 
found a more rapid rise in the respiratory quotient of dogs after injecting 
dihydroxyacetone subcutaneously than after injecting the same amount of 


glucose. 
Campbell and his collaborators studied the action of dihydroxyacetone 
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in depancreatized dogs. They (7) noted no preferential utilization of 
dihydroxyacetone in these animals when it was compared with levulose, 
inulin, and glycerol. Campbell and Markowitz (8) reported increased 
oxygen consumption without elevation of the respiratory quotient, which 
was at the fat level. They discovered dihydroxyacetone present in the 
blood and noted a rise in the actual blood sugar which was coincident with 
the disappearance of dihydroxyacetone from the blood. They also found 
“extra glucose’’ in the urine equivalent to the amount of dihydroxyacetone 
ingested. They concluded that dihydroxyacetone was converted into 
glucose in the animal body, that insulin was not required for this conver- 
sion, and that it could not be metabolized directly by depancreatized 
animals. Markowitz and Campbell (9) observing animals after the liver, 
stomach, and intestines had been removed, reported that dihydroxyacetone 
injected intravenously was not converted into glucose but that it could be 
recovered from tissues and blood in sufficient quantities to account for the 
amounts given. They concluded that the conversion of dihydroxyacetone 
to glucose occurred in the liver. Campbell and Hepburn (10), Hewitt and 
Reeves (11), and Kermack, Lambie, and Slater (4) all found that dihydroxy- 
acetone would relieve insulin hypoglycemia at approximately the same rate 
as glucose. 


The studies with dihydroxyacetone presented in this paper 
were carried out in the calorimeter of the Russell Sage Institute in 
order to obtain the results of long period observations which can 
be made with this apparatus. Determinations were made on 
four normal and two diabetic men. In order to compare the 
metabolism of long periods as obtained in the calorimeter with the 
so called short period observation, five of these six subjects were 
studied with the Tissot apparatus thus giving in addition an 
opportunity for obtaining frequent samples of blood and urine. 


Methods. 


The respiration calorimeter of the Russell Sage Institute of 
Pathology was used to obtain the metabolic data for the long 
period observations. It has previously been described in Paper II 
of this series (12). No change in procedure was used except that 
the temperature of the air in the calorimeter was kept between 
24.0° and 25.0°. One normal and two diabetic subjects were 
studied in the metabolism ward in connection with the calorimeter 
(13). The other three normal subjects were physicians who came 
to the laboratory without breakfast and rested for 1 to 2 hours 
before actual observations were started. The observations were 
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3hours in length. Each subject was observed at least three times, 
once in basal conditions, once with glucose, and once with di- 
hydroxyacetone. A thermos bottle with a small syphon was used 
so that the subject could easily take the solution, when inside of 
the calorimeter, after the preliminary period was completed. 
In basal observations the subjects were given 200 cc. of water, 3 
grain of saccharin, and 0.5 gm. of citric acid making a palatable 
drink which was used as a control. In the other observations 
the saccharin was replaced by 50 gm. of glucose or by 50 gm. of 
dihydroxyacetone. The solution was placed in the thermos 
bottle at 38° so that it could be taken at approximately body 
temperature 30 to 45 minutes later when the observation was 
actually started. The urine was collected at the end of the 
observation. Nitrogen was determined by the Kjeldahl technique 
and sugar, if present, by Benedict’s method (14). 

In making the short period observations, the Tissot apparatus, 
a nose clip, mouthpiece, and 2-way valve, the Soderstrom model 
of the Lovén diaphragm valve (15), were used for the collection 
of expired air. The expired air was analyzed by a modified 
Henderson-Haldane gas analysis apparatus. The procedure with 
each subject was uniform and consisted of a basal period after at 
least 30 minutes rest, the ingestion of 50 gm. of either glucose or 
dihydroxyacetone, and observations taken at the end of 30 
minutes, 1 hour, 2 hours, and 3 hours. The expired air was 
collected during the last 6 minutes of each period, a sample of 
blood taken at the end of each period, and a sample of urine voided 
at the end of each hour. Each sample of blood was tested for 
blood sugar by the method of Folin and Wu (16), for dihydroxy- 
acetone by the method of Campbell (17), and in some observa- 
tions for carbon dioxide-combining power by the method of 
Van Slyke and Cullen (18). Each sample of urine was tested for 
total nitrogen by the Kjeldahl method, for sugar, if present, by 
Benedict’s method (14), and for dihydroxyacetone by the method 
of one of the authors (19). 

As a control on the experimental data frequent alcohol checks 
were made on the calorimeter. The alcohol solution employed 
for these checks contained 92.07 per cent of alcohol by weight. 
The amount used per hour was between 9.7 and 11.5 ce. With 
calculations based on the chemical composition of the alcohol and 








TABLE I. 


Alcohol Checks for 1926-27. 





Error, per cent. 








































































































Date. Hour. theory 
Heat. Oz CO2 HO | 0.667. 
1926 | 
Oct. 20 1 +1.3 +0.7 +0.2 +17.0 | 0.663 
2 +0.3 | -0.8 | -1.5 | +10.3| 0.662 
3 +0.8 | -1.9 | -1.4 | 410.3] 0.671 
RG sin temen eam +1.0 —0.7 —0.9 +12.6 | 0.665 
Oct. 28 1 +0.3 | -1.6 | —0.3 +6.0| 0.676 
2 +0.9 —1.8 —1.0 +5.5 | 0.672 
3 +2.9 —1.3 +0.8 +6.5 | 0.681 
ST +1.4 | -1.5 | -0.1 | +6.0| 0.676 
Nov. 4 1 —0.4 —2.6 —0.4 +3.8 | 0.681 
2 +0.8 —0.6 —0.5 +4.2 0.668 
3 —0.8 —1.8 —0.5 +3.0 0.675 
ee ree —0.1 —1.7 —0.5 +3.7 | 0.675 
a 1927 
Jan. 4 1 —0.5 +0.2 —0.8 +4.2/| 0.660 
2 —0.8 —1.7 —0.4 +4.5 0.676 
3 +0.0 —1.6 —0.3 +2.2 0.675 
CO ee ee —0.4 —1.0 —0.5 +3.7 | 0.670 
Feb. 3 1 —4.8 —3.8 —2.1 +2.2| 0.679 
2 -1.3 | -1.0 —1.8 +4.2/| 0.661 
3 —1.2 —2.3 —1.1 +1.9 | 0.674 
Ee eee —2.5 —2.4 —1.7 +2.8| 0.671 
Feb. 15 1 —1.2 —3.8 —1.8 +3.4| 0.681 
2 —0.5 —0.3 +0.4 +4.3 | 0.672 
3 —1.0 —0.7 —2.3 +1.6| 0.656 
Yc icacaa naw edei —0.9 —1.6 —1.2 +3.1)] 0.669 
Mar. 1 1 —1.9 —2.8 -—1.9 +3.4 0.673 
2 —1.0 —3.0 —3.4 +2.7 0.664 
| 3 -1.3 | -24 | -1.5 | +3.0] 0.673 
Ee eee —1.4 —2.7 —2.3 +3.0} 0.670 
Mar. 17 1 +0.5 —1.4 —0.3 +4.2| 0.674 
2 +1.2 —3.7 —0.6 +4.4} 0.690 
3 +1.8 +0.0 —-1.3 +5.8 | 0.658 
Average............... +1.2 | -1.7 | -0.7 | +4.7| 0.674 
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TABLE I—Concluded. 



































} Error, per cent. R. Q., 
Date. | Hour. | , theory 
| Heat. | Os co: | Ho | °-667 

1987 | 
Mar. 29 1 | -0.5 | -3.9 | -1-4 42.2! 0.683 
2 40.7 | -1.1 | +1.0 | +4.8| 0.681 
| 3 | +0.8 | -0.5 | +1.3 | 43.7] 0.679 
Average............... | +0.3 | -1.9 | +0.3 +3.3| 0.680 
Mar.31 | 1 | 1.2 | -3.1 | -0.6 | +43.4| 0.683 
| 2 -11 | -1.3 | -1.3 | +3.6| 0.666 
; EA | it | wie | we +3.5| 0.675 
Apr. 5 | 4 -3.3 | -02 | —1.6 +4.4| 0.657 
| 2 —0.5 | -1.7 | —1.6 +2.9| 0.667 
3 —@.1 | -0.6 | —1.3 +4.0} 0.662 
eae aa —0.9 —0.8 —1.5 +3.8 | 0.662 
Apr. 28 1 —-1.4 | -1.0 | -0.5 +5.3]| 0.670 
2 -—0.8 | +0.2 | -1.8 +3.1| 0.653 
ia -1.8 | —1.0 | —1.0 +3.6| 0.666 
Average............... -1.3 | -0.6 | -1.1 +4.0| 0.663 
Total average......... —0.4 —1.6 —0.9 +4.5 | 0.671 

















complete combustion assumed at an air temperature of 24.0°, 
10 ce. of this solution give the following theoretical factors: 
O, 15.53 gm., CO, 14.23 gm., H.O 9.38 gm., and heat 52.73 cal- 
ories. The results of all the alcohol checks are presented in 
Table I. The gas analysis apparatus was tested by frequent 
outdoor air analyses. All chemical determinations were carried 
out in duplicate. A trained subject in basal condition was studied 
with the Tissot apparatus and then placed in the calorimeter for 
further basal observations. 


PROTOCOLS. 


Subject 1, E. M., Normal.—A laborer, age 39, Russian, was admitted to 
Bellevue Hospital January 15, 1927, complaining of weakness and vague 
pains in the left side of the body. For 10 months, since a slight accident, 
he noticed discomfort throughout the left side of the body and more pain 
in the left chest. 
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Physical examination showed an apathetic complaining man with some 
hyperesthesia over the left chest but otherwise there were no abnormal 
findings. 

Laboratory tests revealed normal blood and urine, Wassermann test 
negative, normal electrocardiogram, and x-ray of heart and lungs normal, 

During his stay in the hospital there were periods when he seemed some- 
what depressed but no psychosis developed. He was studied as a normal 
control with four calorimeter and two Tissot observations. In the first 
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CuartI. Subject C. W.; laboratory findings shown graphically. The 
broken line signifies the nitrogen in the food; the arrows, the points at 
which the metabolism was observed. 


calorimeter observation his temperature by rectum was 38.5° so it has been 
excluded from the comparisons. 

Subject 2, A. B., Normal.—A physician, age 24, Argentinian, who was in 
good health. He was studied with four calorimeter and two Tissot 
observations. 

Subject 3, H. J. D., Normal.—A physician, age 29, American, who was in 
good health. He was studied with three calorimeter observations. 

Subject 4, W. S. M., Normal.—A physician, age 31, American, who was in 
good health. He was studied with three calorimeter and two Tissot 
observations. 
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Subject 5, C. W., Diabetes Mellitus ——A baker, age 29, Austrian, was 
admitted to Bellevue Hospital March 5, 1927, complaining of polydipsia, 
polyuria, and loss of weight. His history of diabetes dated back 1 year 
during which he had been on a moderately restricted diet at home. The 
symptoms noted had appeared during the past month. 

Physical examination showed a thin young man in no pain, with some 
poor teeth, moderately large tonsils, scars from burns on left arm, and 
otherwise normal. 

He had a normal temperature, pulse, and respiration. The remaining 
laboratory data with daily weights and insulin used are presented in Chart 
I. He received a diet of 1800 calories made up of protein 42 gm., fat 148 


FEB. MAR. 
20 22 24 26 268 2,4 6 6,10 12 14 16 18 £0 a2 3 26 


KG 


75 WEIGHT 








70 
9 
20 BLOOD SUGAR 








UNITS 
Ae INSULIN _ 











ob Tatar hol 





0 


CuartTII. Subject J. M.; laboratory findings shown graphically. The 
broken line signifies the nitrogen in the food; the arrows, the points at 
which the metabolism was observed. 


gm., and carbohydrate 62 gm. until March 27, when it was increased to 2000 
calories with protein 42 gm., fat 165 gm., and carbohydrate 71 gm. His 
condition improved rapidly with regulation of diet and insulin. He showed 
a mild ketosis on admission. Four calorimeter and two Tissot observa- 
tions were made. The first calorimeter observation was made with di- 
hydroxyacetone while he was still in a mild ketosis. The other five were 
made after his condition had improved. 

Subject 6, J. M., Diabetes Mellitus.—A salesman, age 43, American, was 
admitted to the Neurological service of Bellevue Hospital February 7, 
1927, complaining of loss of vision and pain in the legs. He had had severe 
burns from gasoline, in 1911, and gonorrhea, in 1918. His disturbance of 
vision was first noted 6 months ago and since then it has progressed so that 
he can only recognize large objects and has difficulty in finding his way 
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about the city. For a year he has noted sharp pains in both legs and 
weakness of the knees when climbing stairs. There has been some pain in 
the back, mostly in the shoulder and upper lumbar regions. He has lost 
100 pounds in the past 2 years. 

Physical examination revealed a moderately obese man with loose dry 
skin. Pupils reacted to light and accommodation. Fundi and external 
muscles of eye were normal. Heart sounds were distant. Blood vessels 
were palpable but not beaded, lower extremities were cold. Knee jerks 
were present but very sluggish. 

Laboratory findings showed temperature 36-38°, pulse 60 to 80, res- 
piration 16 to 24, blood and spinal fluid Wassermann tests negative, and 
urine with 1 to 2 per cent sugar and a trace of acetone. 

A diagnosis of diabetes was made and the patient transferred to the 
Medical service. His case proved to be somewhat resistant to treatment 
and symptoms were very slow to improve. While under observation a 
severe pain developed in the right side of his face and x-ray revealed a 
cloudy sinus. It was drained and foul pus obtained followed by relief of 
pain and general improvement in his condition. He received a diet of 2000 
calories made up of protein 48 gm., fat 164 gm., and carbohydrate 68 gm. 
Chart II contains the data of weight, insulin units, and blood and urine 
examinations during the period of actual observations. He was studied 
with three calorimeter and four Tissot observations all of which, except the 
final basal series with the Tissot apparatus, were made during the period 
before his sinus showed the signs of infection. 

Subject 7, E. F. D. B., Normal.—A physician, age 44, American, who was 
in good health and whose metabolism has been studied frequently for the 
past 14 years (20). His basal metabolism was determined by both Tissot 
apparatus and calorimeter on the same day. No observations with either 
glucose or dihydroxyacetone were made. 


Comment on Experimental Data. 


Table II contains the complete data of all calorimeter observa- 
tions. The Ist hour, recorded in the time column, is the end of 
the preliminary period which represents the actual start of the 
observation. All periods were 1 hour in length except as noted in 
the table in the case of A.B. and W.S.M., where on two occasions 
the period was 2 hours in length. The marked increase in oxygen 
used by W.S.M. in the observation with dihydroxyacetone may 
partly be due to a mild headache causing some extra movements 
during the early part of the experiment. The per cent of calories 
per hour from each type of food metabolized is based on the 
amount of nitrogen in the urine, which multiplied by 26.51 gives 
the calories from protein and on the table of Zuntz and Schumburg 
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as modified by Lusk (21) which gives the partition of the non-pro- 
tein calories between fat and carbohydrate. The carbohydrate 
in gm. represents the amount of carbohydrate metabolized per 
hour on this basis. 

Table III presents the complete data of the Tissot observations. 
The figures represent data for 1 hour periods as calculated from 
that obtained in a 6 minute observation. We can give no ex- 
planation for the marked elevation of carbon dioxide in the last 
period of the observation of C. W. with glucose. The columns 
under blood and urine headed “‘R. S.” represent the total amount 
of M-substances of which the composition is not known and which 
will reduce the phosphomolybdate solution used in their de- 
termination. To determine the amounts of dihydroxyacetone 
present, the values obtained for basal blood and urine are 
taken as blanks and deducted from the values obtained in 
the other samples. The slight differences found were not tabu- 
lated as dihydroxyacetone in blood because they were considered 
to be within the range of error of the method used. 

Charts III and IV are graphic presentations of carbon dioxide 
elimination, oxygen consumption, respiratory quotient, and heat 
production of the subjects E.M. and C.W. 

DISCUSSION. 

Dihydroxyacetone, taken by mouth, caused an increased 
output of carbon dioxide during the 1st hour as determined by both 
Tissot and calorimeter methods. It reached a very high level 
at the end of 30 minutes as noted by the Tissot studies. There 
was also an increased oxygen consumption which was most marked 
within the 1st hour. A rapid rise of the respiratory quotient 
occurred during that same period. The maximum quotient 
obtained in the calorimeter was 0.99 and with the Tissot method 
1.09. With two subjects in the calorimeter the highest quotient 
occurred during the 2nd hour. An elevation of the respiratory 
quotient is produced either by an increased carbon dioxide elimina- 
tion or by a decreased oxygen absorption. The increase noted 
after dihydroxyacetone was due to a marked increase in carbon 
dioxide elimination, as there was no decrease in oxygen absorption. 

The cause of the marked increase in carbon dioxide elimination 
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is not known. It may come from increased oxidation of car- 
bohydrate in the body or from the conversion of carbohydrate 
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Cuart III. Subject E. M., graphic representations of findings in metab- 
olism observations. 


to fat. These are the accepted explanations of what happens 
after the ingestion of carbohydrate when there is an elevation 
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in the respiratory quotient. Also an increase may occur from 
overventilation or from the release of carbonic acid when some 
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CuartTIV. Subject C. W.; graphic representations of findings in metab- 
olism observations. 


other acid takes its place in maintaining the acid-base equilibrium 
of the body. Chart V shows the minute volume of expired air 
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for each period of the Tissot observations. It was found that the 
ventilation in normals increased 30 to 50 per cent at the end of 
30 minutes after the ingestion of dihydroxyacetone. In one 
diabetic, C.W., the increase was 18 per cent while in the second, 
J.M., there was no increase noted. It is interesting that the 
subject J.M. was the only one who did not show an increased 
carbon dioxide elimination and an elevated respiratory quotient. 
The carbon dioxide-combining powers of the blood of three sub- 
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Cuart V. Minute volume of expired air for each period of the Tissot 
observations. 


jects were determined and no significant variation from normal 
was present. Therefore we think that overventilation is one 
factor in producing the elevated respiratory quotient. 

There is an average increased heat production during the Ist 
hour following the ingestion of 50 gm. of dihydroxyacetone of 
8.8 per cent. For the same amount of glucose the increase was 
6.9 per cent. When calculated for periods of 3 hours, the eleva- 
tion is only very slightly greater following dihydroxyacetone than 
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following glucose. Chart VI shows graphically the average 
hourly heat production for all observations calculated on the 
basis of 3 hour experiments. The average percentage increase 
above basal from 50 gm. of glucose was 3.5 per cent and from the 
same amount of dihydroxyacetone was 5.0 per cent. Therefore 
dihydroxyacetone shows almost no variation in heat production 


from glucose. 
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Cuart VI. Average hourly heat production for all observations. B, 
basal; G, glucose; D, dihydroxyacetone. 


The observation on C.W. of March 10, 1927, was made ‘while 
he was in a mild ketosis. He eliminated 5.6 gm. of acetone 
bodies that day. A respiratory quotient of 0.82 was obtained 
during the 1st hour with the combustion of 5.7 gm. of carbohy- 
drate. No basal observation was made during this period of 
ketosis but in other diabetic patients eliminating about the same 
amount of acetone bodies the basal respiratory quotients average 
between 0.73 and 0.75. His respiratory quotient for the 3rd 
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hour was 0.74. This observation suggests that even during a mild 
ketosis when the body is using only small amounts of carbohydrate 
it is able to utilize dihydroxyacetone to a greater degree than 
glucose. 

The blood sugar curves in the three normal subjects studied 
showed a fall in the level at the end of 1 hour after the ingestion 
of 50 gm. of dihydroxyacetone. This was marked in subjects 
A.B. and W.S.M. If the dihydroxyacetone is being converted 
into glucose, this fall in blood sugar is difficult to explain unless 
one considers either a rapid storage or a rapid oxidation of car- 
bohydrate due to increased production of insulin. In the two 
diabetics there was an elevation in the blood sugar curves which 
was less marked than the elevation after glucose. There was 
no increase in M-substances in the blood after the ingestion of 50 
gm. of dihydroxyacetone but there was a slight increase of these 
substances in the urine in all subjects. The additional amount of 
M-substances eliminated in the urine was not significant in ac- 
counting for the dihydroxyacetone taken as in no subject was more 
than 0.1 gm. recovered which represented only 0.2 per cent of the 
50 gm. ingested. No increase in any subject was found in the 
M-substances in blood or urine after 50 gm. of glucose were taken. 

The abnormally low basal quotients obtained with the Tissot 
apparatus in one diabetic, J.M., require consideration. They 
were obtained consistently in repeated tests as may be noted in 
the data (Table III). There was only a trace of acetone found 
in the urine during the period of the studies. There was no error 
detected in technique, in the management of the test, or in the 
analyses of the gas. The observations were carried out by differ- 
ent observers and the analyses were done by an experienced 
analyst who obtained consistent checked results both with outside 
air and with other subjects. The patient’s condition was com- 
plicated by a sinus infection which was treated during his stay 
in the hospital. All observations except the one on May 10, 1927, 
were made before this condition was treated. The observation 
of May 10, 1927, consisted of a continuous run without removing 
nose clip or mouthpiece until four separate samples were obtained 
at approximately 20 minute intervals. These results show as 
uniform results as can be expected. It was found that these 
quotients were from 0.03 to 0.08 points lower than those obtained 
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in the calorimeter. The respiratory quotient curves of this subject 
show an elevation of 0.05 after glucose and 0.07 after dihydroxy- 
acetone, which are similar to those of other subjects, but the entire 
curve is at a much lower level. We are unable to explain these 
quotients. 

As an additional check on the two methods of determining 
metabolism, the basal metabolism of the trained subject E.F.D.B. 
was obtained with the Tissot apparatus and the calorimeter 
on the same morning. The data, which are presented in Table 
III, show a very close uniformity in the results obtained by the 
two methods. We feel that there may be certain individuals 
who may give consistent low results as determined by short time 
(6 to 10 minute) periods. Therefore care should be used in 
selecting subjects for metabolic investigation. Any conclusions 
drawn as to the percentage of calories produced by the oxidation 
of various foodstuffs in a subject like J.M. may show considerable 
variation when based on data obtained by these two methods. 

The way in which dihydroxyacetone is converted and used in 
the body has not been explained. There is more similarity 
between the actions of dihydroxyacetone and fructose than 
between dihydroxyacetone and glucose. Togel, Brezina, and 
Durig (22), Higgins (23), Benedict and Carpenter (24), Carpenter 
(25), and Deuel (26) in their studies with sugars found that 
fructose and sucrose produced a more rapid and greater elevation 
of the respiratory quotient than glucose. Cori and Cori (27) 
reported that in rats without insulin 51 per cent of the dihydroxy- 
acetone absorbed is oxidized, 21 per cent deposited as liver glyco- 
gen, and 15 per cent as body glycogen. It is interesting to note 
that both dihydroxyacetone and fructose are ketoses while glucose 
is an aldehyde. It seems possible that in the body dihydroxy- 
acetone may be converted into an easily oxidizable substance, 
possibly a form of glucose which has some different characteristics 
from the ordinary glucose. Perhaps glucose itself before it can 
be utilized in the body, must be converted into this readily oxidiz- 
able form. This oxidizable substance, if it were a form of glucose, 
could not be utilized in totally diabetic animals and when elimi- 
nated it would be detected as glucose. This would also explain 
the fact that it is more rapidly utilized in normals than is glucose 
and would account for its partial utilization in diabetics. The 
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data obtained in this study do not yield any information as to 
whether or not dihydroxyacetone is an intermediary product in 
carbohydrate metabolism. 


SUMMARY AND CONCLUSIONS. 


1. Dihydroxyacetone caused a rapid elevation of the respiratory 
quotient due to a marked elevation in carbon dioxide elimination. 
We were unable to determine the source of the excess carbon 
dioxide eliminated. 

2. Dihydroxyacetone resulted in an increased heat production 
of about 5 per cent in 3 hours which was only slightly in excess 
of that obtained after glucose. Therefore dihydroxyacetone has 
approximately the same specific dynamic action as glucose when 
50 gm. are taken. 

3. No evidence of an increase in the M-substances (those sub- 
stances, including dihydroxyacetone, which will reduce acid 
phosphomolybdate solutions) in the blood was obtained after the 
ingestion of 50 gm. of either dihydroxyacetone or glucose in either 
normals or diabetics. 

4. There was a slight elevation in the M-substances in the urine 
after dihydroxyacetone. This was not present after glucose. 

5. The blood sugar curves in normals showed practically no 
rise in level after 50 gm. of dihydroxyacetone but on the contrary 
they showed a fall which was quite marked at the end of 1 hour. 
In the diabetics there was a rise in the blood sugar level which was 
less marked than it was after glucose. 

6. No positive information was obtained as to whether or not 
dihydroxyacetone is an intermediary product formed in the 
metabolism of glucose. 


Note.—Since the preparation of this paper, W. R. Campbell reported 
before the Society for Clinical Investigation at Washington, D.C., April 30, 
1928, that, after taking 100 gm. of dihydroxyacetone, there was a fall in 
the carbon dioxide-combining power of the blood and a marked elevation 
in blood lactic acid. This may account in part at least for the marked 
carbon dioxide elimination noted in our observations. 
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A GENERAL REACTION OF AMINO ACIDS. II. 


By H. D. DAKIN anp RANDOLPH WEST. 


(From Scarborough-on-Hudson and the Medical Clinic, Presbyterian 
Hospital, Columbia University, New York.) 


(Received for publication, June 21, 1928.) 


The following paper contains an account of further experiments 
on the reaction occurring between amino acids and a mixture of 
pyridine and acetic anhydride. It may be recailed that it was 
shown in our first paper (1) that a typical a-amino acid on being 
warmed with acetic anhydride and pyridine was converted into 
an acetylaminoacetone derivative with evolution of carbon 
dioxide. A §-ketonic acid was assumed to be an intermediate 
product. 


COOH 
| 
R-+CH- NH; - COOH — R—C—CO:CH;— R:- ’ -CO- CH; + CO, 
| 
NH - CO: CH; NH - CO- CH; 


It was further shown that, if one or both of the hydrogen atoms 
of the amino group were substituted by alkyl groups, no typical 
reaction with ketone formation took place and that the same was 
true of an acid such as a-aminohydratropic acid which contains 
no unsubstituted hydrogen attached to the a-carbon atom. The 
bearing of these results on the mechanism of the reaction was 
briefly discussed. The new experiments comprise a study of the 
action of pyridine and acetic anhydride on a number of other 
types of amino acids and their derivatives. The following amino 
acids were found to yield substituted acetylaminoacetones which 
were characterized by appropriate derivatives: aspartic acid, 
glutamic acid, histidine, and tryptophane. On the other hand 
methylaspartic acid (I) gave no trace of either ketone or carbon 
dioxide, this result being clearly due to the absence of an un- 
substituted a-hydrogen atom adjacent to the amino group. The 
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behavior of methylaspartic acid is analogous to that of a-amino- 
hydratropic acid. Phenyl-$-alanine (II), chosen as a repre- 
sentative of the 8-amino acids, gave neither ketone nor carbon 
dioxide but underwent simple acetylation. Serine, typical of the 
B-hydroxy-a-amino acids, gave unquestionable qualitative evi- 
dence of ketone formation but the amount was small as the product 
appeared to be unstable. Phenylserine (III), on the other hand, 
gave traces of carbon dioxide but no ketone. It was largely 
converted into the anhydride (azlactone) of acetaminocinnamic 
acid (IV). The fact that a,6-unsaturated azlactones of this type 
are not acted upon by pyridine and acetic anhydride was con- 
firmed by experiments with the azlactone of benzoylaminocin- 
namic acid (V) prepared by condensing benzaldehyde with hip- 
puric acid. The substance was entirely unacted upon and was 
recovered unchanged. On the other hand Bergmann, Stern, and 
Witte (2) have recently described some cyclic anhydrides— 
so called azlactones of the saturated a-amino acids. These 
substances are formed by the action of acetic anhydride on 
amino acids and are of the type shown by the general formula 
(VI). Azlactones derived from leucine, phenylalanine, and 
aspartic acid, all react with acetic anhydride and pyridine to give 
carbon dioxide and the same acetylaminoketones as are furnished 
by the amino acids themselves. It is therefore a plausible sup- 
position that these azlactones represent an intermediate stage in 
the pyridine-acetic anhydride reaction. This hypothesis offers 
a satisfactory explanation of the curious failure of a-alkylamino 
acids to undergo a reaction analogous to that of the unsubstituted 
amino acids for the former compounds obviously cannot yield 
azlactones containing a hydrogen atom in the position capable of 
replacement by an acetyl group. On the other hand it must be 
admitted that as judged by the apparent evolution of carbon 
dioxide, the azlactones do not react noticeably more rapidly than 
do the amino acids themselves so that it is not improbable that 
they only represent one of several intermediate steps in the 
reaction. 

A number of peculiarities are observed in the products derived 
from the amino acids used in the present investigation. These 
will be referred to in the experimental section in order to avoid 


repetition. 
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H;C—C—NH; CHNH; CHOH CH 
| | 

CH; CH: CHNH; C—N—C - CH; 
| | | | | 
COOH COOH COOH Cco——O 

I II III. IV 

0 1 
| 
CH CH; 


C—N=—C : CoH; CH—N=—C - CH; 





co-—-0 co 0 
7 VI. 


EXPERIMENTAL. 


Aspartic Acid.—When finely powdered [-aspartic acid (3 gm.) 
is warmed with acetic anhydride (20 cc.) and pyridine (10 cc.) 
on the steam bath, the acid slowly goes into solution and at the 
end of about 3 hours 85 to 95 per cent of the theoretical amount 
(1 mol) of carbon dioxide has been evolved. After a short distil- 
lation with steam to remove the bulk of the acetic acid and pyridine, 
a solution is obtained giving the typical ketone reactions including 
a strong iodoform test. Prolonged steam distillation results in 
some decomposition and diacetyl will begin to appear in the dis- 
tillate. The aqueous solution on being made acid to Congo red 
with sulfuric acid yields scarcely anything on extraction with 
ether, but on repeated shaking (5 to 6 times) with butyl alcohol, 
the product is readily extracted. When the solvent is removed 
a clear amber-like gum (3.1 gm.) is obtained which shows no in- 
clination to crystallize. The product gives a strong iodoform 
reaction, a deep orange-red color with sodium nitroprusside in 
alkaline solution, turning magenta with acetic acid. Silver, 
mercury, and copper salts are all reduced on warming in alkaline 
solution, while silver nitrate produces no precipitate in acid or 
neutral solution. 
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On addition of an excess of phenylhydrazine (3 gm.) dissolved 
in 10 per cent acetic acid to an aqueous solution of the gum 
(1 gm.) no immediate precipitation takes place but on being 
warmed on the water bath carbon dioxide is freely evolved and a 
crystalline product separates out in fair quantity (0.9 gm.). 
Examination of this product quickly showed that it was not a 
simple hydrazone of an acetylaminoketone but was the bis- 
hydrazone of diacetyl. The substance melted after recrystalliza- 
tion from benzene at 241-—243°, had all the properties of the 
diacetyl derivative described by Pechmann, and gave the follow- 
ing results on analysis. 


Analysis. 
CisHisN,. Calculated. C 72.1, H 6.76, N 21.0. 
Found. “7a0, “ 6.88, “ 21.2. 


The direct formation of diacetyl itself was readily demonstrated 
by dissolving the original gum in dilute sulfuric acid (1:20) and 
distilling with steam. After a short time the distillate becomes 
noticeably yellow and gives all of the characteristic reactions of 
diacetyl. 

When the gum is dissolved in dilute hydrochloric acid (10 per 
cent) and evaporated on the water bath a residue is obtained which 
contains crystals which were readily identified as ammonium 
chloride. The odor of diacetyl is marked during the evaporation. 
The non-crystalline material on being dissolved in water and ex- 
tracted with ether gave a small amount of a syrupy acid agreeing 
in its properties with the description of 6-hydroxylevulinic acid 
given by Wolff (3), while another portion of the syrup on being 
warmed on the water bath with excess of aqueous ammonia 
readily furnished a base, which after extraction with ether melted 
at 85° and gave a picrate melting at 191-192°. The base was 
clearly identical with tetramethylpyrazine which, as is already 
known, results from the action of ammonia on either diacetyl or 
6-hydroxylevulinic acid. The anhydrous tetramethylpyrazine 
gave the following results on analysis. 


Analysis. 
CsHi2N2. Calculated. C 70.6, H 8.83. 
Found. “yeu, ~ 68. 
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The foregoing results could well be interpreted on the basis of 
the idea that the original non-crystalline product of the action of 
acetic anhydride and pyridine on aspartic acid (VII) was an 
acetylaminoacetone derivative (VIII) such as should result from 
the general reaction observed by us in many analogous cases. 
The fact that the substance contains no amino nitrogen and that 
the ratio of total nitrogen to acetyl groups is exactly 1:1 is in 
harmony with this view. An inspection of the formula (VIII) 
shows that the ketone is a derivative of levulinic acid, namely 


T 
COOH Co 
| 
CHNH: CH - NH: CO: CH; 
| adh 
CH, i 
| 
COOH COOH 
VII. VIII. 
CH; CH; 


| | 
C+-0-CO-CH; Cc 


| J \l 
CH-NH-CO-CH; / C-NH: 
o. | Oo | 
a as \. CH: 
| \| 
co co 
IX. x. 


6§-acetylaminolevulinic acid, and as is well known, levulinic acid 
and analogous y-ketonic acids react with acetic anhydride to give 
substances of the type of acetyl-levulinic acid usually represented 
as y-acetoxy-y-valerolactone (4). There is reason to believe that a 
similar reaction takes place with the ketonic acid (VIII) under 
discussion and that it is converted by the further action of acetic 
anhydride into §-acetamino-y-acetoxy-y-valerolactone (IX). 
During the steam distillation and other operations connected with 
the working up of this product one of the acetyl groups is removed 
with regeneration of the ketone (VIII). Under certain conditions 
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it has been possible to convert §-acetylaminolevulinic acid (VIII) 
into a finely crystalline compound which may be designated as 
8-amino-a-angelica lactone (X), although it is possible though 
improbable, that it is a derivative of 8-angelica lactone. The 
preparation of this substance presents difficulties since the use of 
acids or strong alkali is ruled out owing to the ease with which the 
nitrogen is split off as ammonia. It has not been found possible 
to establish conditions which regularly result in a successful 
preparation and many negative results have been encountered. 
When £-acetylaminolevulinic acid is dissolved in butyl alcohol 
containing a trace of sulfuric acid, and evaporated and subse- 
quently dried for a week or so in a vacuum desiccator over sulfuric 
acid, a gummy residue is obtained. When this is warmed witha 
little 5 per cent sodium carbonate solution unchanged acid is 
dissolved and a crystalline residue of the lactone remains which is 
filtered off and recrystallized from boiling water. Its properties 
and analysis are in accord with the structure suggested. The 
substance is only moderately soluble in water, either hot or cold, 
and its aqueous solution reacts neutral to litmus. It is readily 
soluble in alcohol and less so in ether. It is instantly dissolved 
by strong hydrochloric acid but is in part recovered unchanged 
on dilution and evaporation. It is not decomposed by sodium 
carbonate but is easily decomposed by sodium hydroxide. It does 
not reduce Fehling’s solution but reduces permanganate in alkaline 
solution somewhat slowly. The aqueous solution of the sub- 
stance gives no iodoform reaction when treated with iodine and 
sodium hydroxide in the cold, but if it is first warmed with a 
little caustic alkali, so as to open the lactone ring, the cooled 
solution gives an intense iodoform reaction. On treatment with 
nitrous acid the compound gives nitrogen equivalent to 8.5 to 
9.5 per cent in 5 minutes. 


Analysis. 
C;sH;0.N. Calculated. C 53.1, H 6.20, N 12.4. 
Found. “* 53.4, “ 6.51, “ 12.4, 


Glutamic Acid (XI).—When glutamic acid (5 gm.) is warmed with 
acetic anhydride (25 cc.) and pyridine (15 cc.) on the steam bath, 
no carbon dioxide is evolved for about half an hour and even then 
the evolution is slow. After 3.5 hours the amount of carbon 
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dioxide amounts to only 15 to 20 per cent of the amount calcu- 
lated for 1 molecular proportion. This marked difference shown 
by glutamic acid when compared with analogous amino acids is 
apparently due to its conversion into pyrrolidonecarboxylic acid 
by the dehydrating action of the acetic anhydride. Since pyr- 
rolidonecarboxylic acid no longer contains a free amino group 
such as we have found to be essential for ketone formation from 
amino acids, it is incapable of further reaction and accounts for 
the bulk of the glutamic acid originally taken. An attempt to 
limit the formation of pyrrolidonecarboxylic acid by adding a 
little acetyl chloride to the anhydride was unsuccessful. 

When the reaction mixture is steam-distilled, the residue is 
found to contain a moderate amount of a ketone mixed with much 
other material. The iodoform and nitroprusside reactions are 
strong, and phenylhydrazine acetate gives a precipitate which 
readily becomes oily. Alkaline solutions of silver, copper, and 
mercury salts are readily reduced. It was not found possible to 
isolate the ketone directly, but evidence of its presence and struc- 
ture (XII) were obtained through its conversion into 2, 5-dimethyl- 
pyrazine-3 ,6-dipropionic acid (XIII) by reactions analogous to 
Gabriel’s pyrazine synthesis from aminoacetone. 


CH; 
COOH CO 
a has -NH- CO: CHs 
CHz — CH, 
CH, bn 


| | 
COOH COOH 
xI. xIl. 
N 
( SC-CHs 


HOOC - CH: - CH2 - Cf 
= | 
H;C - CV Ze - CH, - CH, - COOH 
N 
XIII. 
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The aqueous solution containing the acetaminoacetone deriva- 
tive was made acid to Congo red and then extracted by repeated 
shaking with butyl alcohol. After removal of the solvent the 
syrupy residue was heated for an hour on the steam bath with 10 
ec. of hydrochloric acid (1:1). The solution was then evaporated 
to remove most of the acid and then treated with excess of am- 
monia. After standing at room temperature for an hour the 
mixture was evaporated to small bulk (10 cc.). The solution 
which reacted acid to litmus was made more strongly acid with 
acetic acid and allowed to crystallize. The first crop of crystals 
consisted of practically pure silky needles of the pyrazine acid 
while subsequent crops were contaminated with glutamic acid and 
were discarded. The yield was only 2 to 3 per cent of the glu- 
tamic acid originally taken. 

2 ,5-Dimethylpyrazine-3 ,6-dipropionic acid is a type of acid 
that has not hitherto been prepared. It is very sparingly soluble 
in cold water and only moderately soluble in boiling water. Its 
aqueous solution only just reddens blue litmus paper. It crystal- 
lizes from methyl alcohol, in which it is readily soluble on heating, 
in stout prisms while from water it separates in long needles. It 
is fairly soluble in ether. The acid melts at 211-213° without 
evolution of gas. Its saturated aqueous solution gives only a 
trifling brownish yellow color with ferric chloride and no im- 
mediate precipitate with either silver nitrate or mercuric chloride. 
When it was left standing, a finely crystalline silver salt separates 
in the form of heavy needles. The substance gives no diazo reac- 
tion and it contains no amino nitrogen (Van Slyke). 


Analysis. 
Cy2H,.O.N2. Calculated. C 57.1, H 6.35, N 11.1. 
Found. "am, ~ Oe, ~ 2. 


Methylaspartic Acid.—This substance (I) was prepared from 
acetoacetic ester in the usual way. On being heated (1 gm.) 
with acetic anhydride (10 cc.) and pyridine (7 cc.) on the steam 
bath for several hours no carbon dioxide was evolved and when 
the products were worked up in the usual way no trace of any 
aminoacetone derivative was detected. This result is obviously 
in accordance with what would be expected. 

Serine.—The synthetic acid (1 gm.) was heated with acetic 
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anhydride (10 cc.) and pyridine (7 ec.). After an interval of 
about 15 minutes carbon dioxide was freely evolved. After 4 
hours the mixture was distilled with steam. The distillate con- 
tained no volatile ketone. The residue gave a strongly positive 
jodoform reaction but the size of the precipitate seemed small in 
comparison with similar tests with other amino acids. Fehling’s 
solution was reduced on boiling while sodium nitroprusside gave 
a positive but rather atypical reaction. Phenylhydrazine gave 
small amounts of a sticky hydrazone, while boiling with p-nitro- 
phenylhydrazine in 5 per cent sulfuric acid gave small amounts of 
an osazone giving the characteristic blue color with sodium 
hydroxide and alcohol. It was not found possible to prepare in 
crystalline form either the original product of the reaction or a 
satisfactory derivative. While the tests above enumerated clearly 
indicate that some acetaminoacetone derivative, analogous to 
that obtained from other amino acids, had been formed, its 
amount appeared small and its stability slight. Only two experi- 
ments were made with serine as the mediocre results did not seem 
to justify the sacrifice of larger amounts of this amino acid. 

Phenylserine—The acid (1 gm.) was warmed on the water 
bath with acetic anhydride (7 cc.) and pyridine (5 cc.) for 8 hours. 
A slight evolution of carbon dioxide took place but on steam dis- 
dillation neither distillate nor residue gave any reactions indica- 
tive of ketone formation. Crystals separated from the non- 
volatile aqueous residue which melted at 152°. They were 
identified by properties and by analysis as the “azlactone” 
anhydride of acetaminocinnamic acid (IV) first described by 
Erlenmeyer and Friistiick (5). On being dissolved in warm 
sodium hydroxide and precipitated with hydrochloric acid, 
acetaminocinnamic acid melting at 190° was obtained. 

Phenyl-B-Alanine.—This amino acid (1 gm.) was treated exactly 
as described above in the case of phenylserine. No carbon dioxide 
was evolved and no ketone formation took place. The aqueous 
residue gave a large yield of acetyl-phenyl-§-alanine, which after 
crystallizing from acetic acid melted at 161—162° as described by 
Posner (6). 

Histidine—Experiments were made with either the free his- 
tidine base or the dihydrochloride without disclosing any dif- 
ference. On being warmed (1 gm.) on the water bath with 
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acetic anhydride (7 cc.) and pyridine (5 cc.), carbon dioxide was 
evolved freely after about 10 minutes and in the course of 2 hours 
93.5 to 97 per cent of the amount of carbon dioxide calculated 
for 1 molecular proportion was obtained. After steam distillation 
the residue was found to give intense iodoform and nitroprusside 
reactions and to reduce alkaline solutions of copper, silver, and 
mercury salts. Phenylhydrazine acetate gave an unattractive 
hydrazone slowly separating in minute needles. Semicarbazide 
and aminoguanidine gave no crystalline derivatives. Since the 
acetylaminoketone appeared to crystallize with difficulty it was 
decided to remove the acetyl group by evaporation with 10 per 
cent hydrochloric acid. The concentrated solution on standing 
deposited stout colorless prisms melting at 205-206° which gave 
results on analysis in satisfactory agreement with the expected 
dihydrochloride of (4)-imidazolyl-(3)-amino-butanone (2) (XIV). 


CH=——C - CH: - CH « CO: CH; 


N NH N&, 
<—s 
Cc 
H 
XIV. 


Analysis. 
C;H,,0ON;-2HCIl. 
Calculated. C 37.2, H 5.75, N 18.6, amino N 6.19, Cl 31.4. 
Found. “ows “4, * B2, ~*~ ~“35— * BZ. 


The yield of crystalline hydrochloride amounts to about 60 per 
cent of the theoretical amount but much additional product re- 
mains in the mother liquor. It gives the reactions described 
above typical of aminoacetone derivatives and also an intense 
diazo reaction while on treatment with alkali yields a pyrazine 
derivative which will be further examined. It will be noticed 
that the base only differs from 8-iminazolethylamine by the sub- 
stitution of a hydrogen atom by an acetyl group but unlike the 
latter substance it was found by Dr. C. Lieb scarcely to affect the 
blood pressure when doses of from 1 to 20 mg. were injected in- 
travenously into a cat. 

Tryptophane.—This amino acid (1 gm.) was treated as usual 
with acetic anhydride (6 cc.) and pyridine (4 cc.). The reaction 
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was fairly vigorous and carbon dioxide was evolved freely. On 
steam distillation a little tar separated and was removed by filtra- 
tion. On concentration of the aqueous solution, a clear yellow 
oil, moderately soluble in water, was obtained. It did not 
crystallize. Bromine water gives a thick yellow precipitate while 
iodine and sodium hydroxide give a deep wine-red color with only 
a small separation of iodoform. Febling’s solution is reduced on 
boiling with development of an indole-like odor. The glyoxylic 
reaction is quite unlike tryptophane; at first a red color develops 
which turns to olive-green. On addition of an excess of phenyl- 
hydrazine in 5 per cent acetic acid to the solution, a thick yellow 
hydrazone separates out which is sparingly soluble in water but 
very soluble in organic solvents, with the exception of petroleum 
ether. It may be crystallized from a little benzene by addition 
of petroleum ether. The hydrazone on analysis gave results 
corresponding fairly closely with those calculated for the hydrazone 
of an acetyl derivative of the anticipated ketone (XV). 


C—CH, - CH(NH - CO: CH;) - CO+ CH; 
ZN 
C.H, CH 


ed 


mA 


XV. 


Analysis. 
CosHO2N,. Calculated. Cc 70.2, H 6.39, N 14.9. 
Found. “ 69.9, “ 6.65, “ 14.5. 


The experiments with tryptophane must only be regarded as 
of a preliminary character. 

Azlactones.—The azlactones of leucine, phenylalanine, and 
aspartic acid were prepared by the method given by Bergmann, 
Stern, and Witte (2). They behaved with pyridine and acetic 
anhydride precisely like the amino acids from which they were 
prepared and furnished the same acetylaminoacetone derivatives, 
the characterization of which has already been described. The 
details of these experiments therefore need no minute descrip- 
tion. On the other hand the azlactone of benzoylaminocinnamic 
acid gave neither carbon dioxide nor ketone as was to be anti- 


cipated. 
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SOME AROMATIC DERIVATIVES OF SUBSTITUTED 
ACETYLAMINOACETONES. 


By H. D. DAKIN anp RANDOLPH WEST. 


(From Scarborough-on-Hudson and the Medical Clinic, Presbyterian 
Hospital, Columbia University, New York.) 


(Received for publication, June 22, 1928.) 


In preceding papers (1) we have described a reaction by which 
a-amino acids may be converted into acetylaminoacetone deriva- 
tives by the action of acetic anhydride and pyridine. The re- 
searches of Gabriel and his coworkers and others furnish abundant 
evidence of the great reactivity of aminoacetone and its homo- 
logues and their value in synthetic work. Since a number of these 
ketone derivatives are now easily prepared from readily acces- 
sible amino acids it appeared worth while to examine some of their 
transformations in order to illustrate their possibilities for pre- 
parative purposes. The present communication simply deals with 
some of the substances prepared from aromatic a-amino acids 
such as phenyl-a-aminoacetic acid, phenylalanine, and tyrosine. 
The amino acids were first converted into their corresponding 
acetylaminoacetone derivatives by the action of acetic anhydride 
and pyridine as already described in our first paper. The further 
transformations of the acetylaminoacetone compounds follow well 
established reactions and offer nothing essentially new as regards 
methods. 

a. e 


co C=NOH 7 


| | | 
CH - NH - CO: CH; CH - NH - CO: CH; CHNH: 
| 
C.H;s C.H; C.Hs 
a II. III. 
757 








CH; 
| 


CH; CH; co 
| | | 
C—NH C—NH CH - NH, 
| oon || >» - SH | 
C——_N C—N CH: 
| | | 
C:Hs C.H; CoH; 
IV. Vv. VI. 
CH; 
| 
N C—NH 
g¢ || oon 
H,C—C C—CH::C,H; C—N 
| | 
C.H; - H.C—C C—CH; CH, 
\ 7 | 
N CH; 
VII. VIII. 
CH; CH; CH; 
| | | 
C—NH, C=NOH co 
| pe SH | 
C——N CH-NH-CO-CH; CHNH; 
| | | 
CH, CH; CH: 
| | | 
C.Hs CH; C.H,OH 
IX. 7 XI. 
CH; CH; CH; 
| | 
C—NH C—NH C—NH 
\ \ 
|| C+ OH || C- SH || CH 
c—nZ c—nZ c—nF 
| | | 
CH, CH, CH; 
| | 
C.H,OH C.H,OH C;H,OH 
XII. XIII. XIV. 
N 
a 
H;C—C Cc 6 CH; 7 C.H,OH 
| 
HOH,.C; - H.C—C C—-CH; 
\ 
N 
XV. 
758 





XUM 


>erwponx ss a. 


mA He 





XUM 


H. D. Dakin and R. West 759 


EXPERIMENTAL. 


a-Phenyl-a-Acetaminoacetone (I).—Details of the preparation 
of this substance from phenylaminoacetic acid have already been 
given (1) together with its conversion by hydrolysis into the hydro- 
chloride of a-phenyl-a-aminoacetone (III) already described by 
Kolb (2). 

a-Phenyl-a-Acetaminoacetoxime (II).—The ketone (I) (1 gm.) 
was dissolved in warm alcohol (3 cc.) and treated with hydroxyl- 
amine hydrochloride (1 gm.) dissolved in a little water together 
with sodium bicarbonate (0.8 gm.). The oxime quickly crystal- 
lizes out in the form of nacreous crystals, very sparingly soluble 
in water and moderately soluble in alcohol. It melts at 152°. 
Yield 0.8 gm. 


Analysis. 
C,,Hy402Nz. Calculated. C 64.1, H 6.80. 
Found. ** 64.3, “* 6.93. 


The oxime just described on being dissolved in alcohol and. 
reduced with sodium and acetic acid gives a base with an ex- 
tremely powerful depressor action which will be further inves- 
tigated. 

4-Phenyl-5-M ethyliminazolone.—a-Phenyl-a-aminoacetone hy- 
drochloride (IIT) (1 gm.) was dissolved in 5 cc. of water and warmed 
on the water bath with potassium cyanate (1 gm.). The imin- 
azolone soon begins to separate out in the form of sandy rosettes 
of needles melting at 287—289°. Yield 0.8 gm. The substance is 
almost insoluble in water and in sodium carbonate solution. On 
treatment with diazo salts in sodium carbonate solution only a 
faint yellow color is produced. 


Analysis. 
CioHi0ONe2. Calculated. C 68.9, H 5.75, N 16.1. 
Found. “@a“ 548. ea. 


4-Phenyl-5-Methyl-2-T hioliminazole(V ).—a-Phenyl-a-aminoace- 
tone hydrochloride (1 gm.) was dissolved in 5 cc. of water and 
heated in a covered dish on the steam bath with potassium thio- 
cyanate for a couple of hours. After a short time slightly yellow 
shining needles begin to separate. The yield was 0.64 gm. The 
substance is very sparingly soluble in hot water or alcohol but can 
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be recrystallized from the latter when it separates in the form of 
thin shining plates. It softens slightly at above 250° and melts 
rather indefinitely at 290-295°. It gives a moderately strong 
orange-yellow with alkaline diazo salts. 


Analysis. 
CioHioN2S. Calculated. N 14.7, 8 16.8. 
Found. * S64, ** 06:2. 


This substance and the preceding one are presumably identical 
with the compounds obtained by Behr-Bregowski (3) from the 
isomeric amidoethyl-phenyl ketone hydrochloride. 

a-Benzyl-a-Aminoacetone (VI).—The hydrochloride of this base 
was easily obtained by heating its acetyl derivative (3 gm.), pre- 
pared from phenylalanine as previously described, with 10 per 
cent hydrochloric acid. After being heated for an hour on the 
steam bath, the solution was evaporated to small bulk and then 
taken up in cold water. A trace of oily matter was separated by 
filtration and the filtrate concentrated to a thin syrup. After it 
has stood crystals readily separate in good yield. The substance 
forms hexagonal platelets extremely soluble in both water and 
alcohol and melts at 130°. 


Analysis. 
CieHi1s30N-HCl. Calculated. Total N 7.03, amino N 7.03. 
Found. ak ie ? 3 


2, 5-Dibenzyl-3 ,6-Dimethylpyrazine (VII).—The hydrochloride 
of a-benzyl-a-aminoacetone (VI) (1 gm.) was dissolved in 5 cc. of 
water and concentrated aqueous ammonia added (5 cc.) and the 
mixture allowed to stand in an open dish overnight. Oily drop- 
lets separated out which later changed to long silky needles. The 
crystals were dissolved in excess of hydrochloric acid, filtered from 
a little oily impurity, and then extracted with ether. The acid 
extract was disregarded and the solution again extracted with ether 
after being made alkaline with sodium hydroxide. The ether on 
evaporation left a mass of crystals which melted in the crude con- 
dition at about 85°. After being dried on a porous plate and re- 
crystallized from a few drops of alcohol a small yield of good crys- 
tals, both plates and needles, melting at 92-94°, was obtained. 
The base is sparingly soluble in water and extremely soluble in 
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alcohol and ether and less so in petroleum ether. The base is 
volatile in steam and has a slight hyacinth-like odor. The vapor 
turns red litmus blue but it is not a strong base and requires a 
considerable excess of hydrochloric acid to dissolve it. The 
hydrochloride is very soluble and like the analogous 2, 5-diphenyl- 
3,6-dimethylpyrazine hydrochloride, its solution in hydrochloric 
acid is decidedly yellow. The base gives a picrate crystallizing 
in needles and a thick precipitate with mercuric chloride which 
crystallized in needles from dilute hydrochloric acid. 


Analysis. 
CooH2oN2. Calculated. C 83.3, H 6.95, N 9.73. 
Found. ak te | Ge OE 


It may be mentioned that on distillation of a-benzyl-a-amino- 
acetone hydrochloride with mercuric chloride and concentrated 
sodium hydroxide by the method so commonly successful with 
non-aromatic pyrazines only a trace of solid pyrazine was found 
in the distillate, most of the volatile base being ammonia. 

4-Benzyl-5-M ethyliminazolone (VIII).—The preparation of this 
substance from a-benzyl-a-aminoacetone hydrochloride and po- 
tassium cyanate was carried out exactly as for its lower homo- 
logue (IV). The yield was about 65 per cent. The compound 
is sparingly soluble in water and on heating begins to darken above 
250° and turns to a black mass indefinitely around 270°. The 
diazo reaction is of negligible intensity. 


Analysis, 
C,,H,;20N2. Calculated. Cc 70.2, H 6.38. 
Found. “70.0, “ 6.51. 


4-Benzyl-5-Methyl-2-Thioliminazole (IX).—1 gm. of a-benzyl- 
a-aminoacetone hydrochloride gave, on being warmed with an 
equal weight of potassium thiocyanate in 10 cc. of water, 0.72 gm. 
of the above compound which crystallized in silky opaque needles. 
It is very insoluble in water and melts at 279-280°, darkening a 
degree or two before melting. It gives a very trivial reaction 
with diazo salts in alkaline solution but if it is first boiled with 
ferric chloride to oxidize the thiol group, the solution on being made 
alkaline with soda gives an intense diazo reaction. This result 
is in accordance with Pyman’s views of the Pauly reaction ac- 











762 Derivatives of Acetylaminoacetones 


cording to which a replaceable hydrogen in position (2), (4), or (5) 
is essential for a typical positive reaction. 


Analysis. 
C,;,H;.N;28. Calculated. N 13.7. 
Found. ** 13.6. 


a-p-Hydroxybenzyl-a-A cetaminoacetoxime (X).—This substance 
is readily obtained from p-hydroxybenzyl-acetaminoacetone, the 
preparation of which from tyrosine has already been described. 
When the ketone (1 gm.) is dissolved in warm water (5 cc.) and 
an excess of hydroxylamine hydrochloride added, separation of the 
oxime begins at once with liberation of free hydrochloric acid. 
Sodium carbonate solution was then added by degrees until the 
reaction to Congo red was no longer acid. The yield of oxime is 
almost the theoretical amount. It is sparingly soluble in water 
and readily soluble in alcohol. It may be crystallized conveniently 
from methyl] alcohol when it separates in tufts of fine silky needles, 
resembling tyrosine, and melts at 189-190°. It is readily reduced 
by sodium amalgam in acid solution. 


Analysis. 
C,2H1602N2. Calculated. Cc 65.5, H - SS 
Found. “ 65.6, “ 7.41. 


a-p-Hydroxybenzyl-a-Aminoacetone Hydrochloride (XI).—When 
the acetyl derivative of this compound, prepared as already de- 
scribed from tyrosine (1) was hydrolyzed with 10 per cent hydro- 
chloric acid on the steam bath, the hydrochloride of the base was 
obtained on evaporation. It is extremely soluble in water and in 
alcohol but is precipitated from its alcoholic solution by ether as a 
slightly yellow deliquescent syrup which did not crystallize readily. 
It was not analyzed. The reaction typical of aminoacetone de- 
rivatives were all positive. 

4-p-H ydroxybenzyl-5-Methyliminazolone (XII).—The preceding 
hydrochloride (1 gm.) on being warmed with potassium cyanate 
(1 gm.) in aqueous solution (10 cc.) gave 0.4 gm. of the iminazolone 
derivative after being made acid to Congo red with sulfuric acid. 
The substance crystallizes in large stout prisms, is very sparingly 
soluble in cold or hot water, somewhat more soluble in alcohol, and 
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freely soluble in glacial acetic acid. It was recrystallized from 
aqueous methyl alcohol and melted at 243-244°. 


Analysis. 
Cy,H,.02Nz2. Calculated. C 64.7, H 5.88. 
Found. ** 64.2, “ 6.01. 


4-p-Hydroxybenzyl-5-M ethyl-2-T hioliminazole (XIIT).—The ac- 
tion of aqueous potassium thiocyanate on the aminoacetone de- 
rivative (XI) is rather slow and 2 or 3 hours heating on the steam 
bath is requisite. The conditions were those previously described 
for homologous substances. The thioliminazole separates out in 
crystals carrying a very faint yellowish tinge. It is very sparingly 
soluble in water, alcohol, or acetic acid. On recrystallization from 
methyl alcohol cubes and columnar prisms were obtained which 
darkened slightly above 260° and melted rather indefinitely at 
273-275°. 


Analysis. 
C1,H,,0N38. Calculated. N 12.8, Ss 14.5. 
Found. oe * tee Ft 8 


The substance is most easily purified by being dissolved in 
dilute sodium hydroxide and precipitated with acetic acid. The 
alcoholic solution gives a blood-red color with gold chloride, 
turning to a dirty gray precipitate. Aqueous iodine is at first 
decolorized, then with excess gives a chocolate-brown precipitate 
turning almost black. When the substance (1.75 gm.) is boiled 
with ferric chloride (12 gm.) in 50 per cent alcohol solution, the 
sulfur is removed. The sulfur-free iminazole is obtained by re- 
moval of the iron with sodium hydroxide and acidification of the 
filtrate with acetic acid. It is a fine creamy white solid, very 
sparingly soluble in water, sodium carbonate solution, alcohol, 
or acetic acid. It does not melt below 290° but only darkens 
slightly. The yield was 0.4 gm. The substance was only an- 
alyzed for nitrogen (14.7 per cent) but undoubtedly has the struc- 
ture corresponding to 4-p-hydroxybenzyl-5-methyliminazole (XIV). 

2, 5-p-Dihydroxybenzyl-3 , 6-Dimethylpyrazine (XV).—When the 
hydrochloride of (XI) is dissolved in water, a slight excess of 
aqueous ammonia added, and the mixture allowed to stand over- 
night in an open dish, a sparingly soluble precipitate separates in 
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about 40 per cent yield. It is easily purified by being dissolved 
in dilute sodium hydroxide and when carbon dioxide is passed 
into the solution it is precipitated as a very light powder with a 
faint tinge of buff color. It dissolves in concentrated sulfuric 
acid to give an orange-yellow solution and is soluble in warm 
hydrochloric acid if not too dilute. It gives no amino nitrogen on 
treatment with nitrous acid and apparently is the normally con- 
stituted pyrazine. 


Analysis. 
C2oH2002Nz2. Calculated. C 75.0, H 6.25, N 8.75. 
Found. “74.9, “ 6.47, “ 8.60. 
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STUDIES OF GAS AND ELECTROLYTE EQUILIBRIA IN 
BLOOD. 


X. THE SOLUBILITY OF CARBON DIOXIDE AT 38° IN WATER, 
SALT SOLUTION, SERUM, AND BLOOD CELLS. 


By DONALD D. VAN SLYKE, JULIUS SENDROY, Jr., A. BAIRD 
HASTINGS, anp JAMES M. NEILL. 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, June 11, 1928.) 


Interest in the magnitude of the solubility of carbonic acid in 
biological fluids dates from the beginning of inquiries into the 
manner of transport of CO.. Of late years it has been of especial 
importance in the calculations of the pH of bicarbonate-containing 
fluids by Hasselbalch’s equation, pH = pK,’ + log TEGon 

2 33 


The physically dissolved CO2, expressed as H2COs, is calculated 
from the CO, tension in the atmosphere with which the blood or 
solution is equilibrated by means of the solubility coefficient of 
the gas in the solution.! 


1 The “‘physically dissolved CO,’ taken up by water solutions is in part 
hydrated to H:CO;; consequently it is in part altered by chemical reaction 
with the solvent H.O. According to Buytendyk et al. (1927) the greater 
part of the physically dissolved CO, at room temperature does remain as the 
anhydride, only a small portion changing to HxCO;. The convention by 
which the total hydrated plus anhydrous CO; is at the same time called 
“physically dissolved’’ and fo1mulated as H,CO; is inconsistent and in- 
exact. The convention is, however, convenient, and causes no errors if the 
H.CO; symbol is used consistently with the same meaning: we shall ac- 
cordingly continue to use it. 

Bunsen’s solubility coefficient, customarily symbolized as a, expresses 
the cc. of a gas, measured at 0°, 760 mm., dissolved per cc. of solution when 
the latter is under 1 conventional atmosphere (760 mm.) of pressure. The 
tension of a gas being known, the volume of gas dissolved per unit volume 
of solution is calculated as a X atmospheres of tension. In calculating pH 
by Hasselbalch’s equation an error of 2 per cent in aco, (e.g. caused by 
using a = 0.52 instead of 0.51) causes an error of approximately 0.01 in the 
calculation of a blood serum pH value. 
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Determinations of the solubility of CO, in water and rather concentrated 
salt solutions at various temperatures have been made by Bohr (1891, 
1899, 1905), Bohr and Bock (1891), Setschenow (1892), Geffcken (1904), and 
Just (1901). 

In serum and blood, however, the difficulty of distinguishing between 
CO, combined with alkali (as bicarbonate) and CO, ‘‘physically dissolved’’ 
has deterred investigators from direct determinations of the latter. The 
CO; solubility coefficients for blood and blood serum in general use for the 
past 20 years have been those estimated indirectly from oxygen and hydro- 
gen solubilities by Bohr (1905). He followed the general assumption, 
which he accredited to Zuntz, that different gases in a given aqueous solu- 
tion, such as blood serum, will each show the same percentage of its solubil- 
ity in pure water. Bohr found that oxygen was 97.5 per cent as soluble in 
serum as in water, and that hydrogen was 92 per cent as soluble in whole 
blood as in water. He assumed that CO:, like Ox, was 97.5 per cent as 
soluble in serum as in water, and like H2 was 92 per cent as soluble in whole 
blood as in water. On these assumptions he calculated the solubility 
coefficients of CO. at 38° to be 0.975 X 0.555 = 0.541 in plasma, and 0.92 X 
0.555 = 0.511 in whole blood, 0.555 being taken as the solubility coefficient 
in water. Assuming one-third of the blood volume to be cells, he estimated 
the CO; solubility coefficient in them to be 0.45, or 81 per cent of the solubil- 
ity in water. Fahr (1912) ina paper published from Bohr’s laboratory after 
Bohr’s untimely death, found by direct determinations on centrifuged cells 
that the relative solubility of H, in them was not 81, but 86 to 90 per cent 
of its solubility in water. Nevertheless Bohr’s original estimation of 
@Co, in cells as 81 per cent of that in water has continued to find acceptance 
by nearly all investigators who have had occasion to use the value. 

Peculiarly, the combination of errors affecting the different factors by 
which Bohr reached his value for aco, in cells yielded, within the limits of 
probable variation in cells from different bloods, the same value for aco, 
at which we have arrived in the present paper. For aco, in serum, how- 
ever, we obtain a value much lower than his. 


The assumption that different gases show the same relative 
solubilities in different solutions has not proved exact (“relative 
solubility” = oo ae) The data in Table I 

(solubility in water) 
indicate the extent to which the relative solubilities of different 
gases can vary in solutions in general, and in blood in particular. 
If the relative solubilities of the different gases in the same solvent 
were equal, the values in each horizontal line of Table I would all 
be alike. 

We have determined the solubility of CO, directly in acidified 
serum, without dilution except that caused by addition of 1 cc. of 
concentrated lactic acid per 100 cc. of serum. In the case of cells 
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891, TABLE I. 
and Relative Solubilities of Various Gases in Different Solvents. 

The data, except for blood, plasma, and cells, are from the Landolt- 
een Bornstein ‘‘Tabellen,’”’ and are for 20° temperature. The blood data are 
“fl for 37-38° unless otherwise indicated. 
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t Amyl We cies 7.50 | 7.13 11.51 2.22 
of “ acotate........ 9.44 | 8.90 |3.89 \4.99 
Acetone...........+- 6.91 | 8.94 | 9.26 3.85 | \7.62 
Ethyl ether.......... 6.33 | 5.11 
y Whole blood......... 1.27* 0.854 1124| 
f to | to | 
’ | 1.52 0.91 | | 
: Plasma or serum.... .|0.975§) 0.974 0.80 (15°)|| |0.94t/0.975$/0.934**/0.98ff 
0.72 (37°) | to | 
| 0.95 | | 
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* Bohr (1897). 

+ Fahr (1912). 

t Siebeck (1909). 

§ Bohr (1905). 

§ Stoddard (1926-27). 

|| O’Brien and Parker (1922). 
** Present paper. 
tt Schoen (1923). 
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it was impossible to work with undiluted material because of its 
viscosity. We have consequently determined the solubility of 
CO, in acidified cells diluted with 3 or more volumes of water, 
and estimated the solubility in undiluted cells by extrapolation. 

We have also studied the effects of salts and acids in water 
solution on the solubility of CO, in order to estimate the effect of 
the electrolytes on the solubility of the gas in blood. 


EXPERIMENTAL TECHNIQUE. 
Preparation of Material. 


For the determination of the solubility of CO, in water ordinary 
distilled water was acidified with HCl to 0.01 Nn concentration in 
order to overcome the trace of alkali usually present. The 
concentration of HCl used is sufficient to affect the solubility 
coefficient by only 1 part in 2000. 

The solutions of acids were standardized by titration with 
phenolphthalein as indicator. The lactic acid solutions were 
boiled in order to break up the anhydride. 

Of the salt solutions reported in Table IV, the NaCl and KCl 
solutions were prepared by dissolving weighed portions of the 
salts in 0.01 n hydrochloric acid. The lactate solutions were 
made by adding known excesses of lactic acid to solutions of KHCO; 
and NaHCO;. The KH»2PQ, solution was prepared by dissolving 
weighed amounts of the salt in standard dilute H;PO,. The 
NaH,PO, solutions were prepared by addition of NaOH to stand- 
ard H;PO,. The acid oxalate solutions were prepared from 
K.C.0, plus equimolar weights of free oxalic acid crystals. In all 
the salt solutions the pH was determined and found to be below 3.5. 

Serum and cells were obtained by centrifugation of defibrinated 
blood. The plasma reported in Table VII was obtained from 
whole blood which had been treated with approximately 0.15 
per cent of potassium oxalate, equivalent to about 0.2 gm. per 
100 cc. of plasma present. The two plasmas reported in Table 
VII received about 0.5 per cent of potassium oxalate. 


Saturation with COs. 


Two procedures were used for saturating solutions with CO, 
gas. One consisted of bubbling it through the solution, as shown 
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its in Fig. 1. Inthe other procedure, which we shall call the “tonom- 
of eter saturation,” a relatively small volume of solution was 
ter, rotated in a large vessel filled with the gas at atmospheric pressure. 
ion. Both procedures gave identical results with solutions of acids and 
ter salts. Only the tonometer saturation was used with plasma and 
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Fic. 1. Apparatus used for saturation with gas by bubbling method. 


with cell solutions, saturation by bubbling being difficult because 
of frothing. 

Saturation by Bubbling.—The solution, usually 25 to 50 cc., 
was placed in the saturating tube shown in Fig. 1, the lower end of 
which was connected through a wash bottle with a Kipp CO, 
generator. The outlet from the upper end was sufficiently wide 
(6 mm. bore) to prevent back pressure. 

The tube and wash bottle were immersed in a constant tempera- 
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ture water bath? maintained at 38.0°+0.1°. After the solution had 
reached the temperature of the bath, CO2 was bubbled through it 
rapidly for 30 minutes, which was twice the time found sufficient 
to complete the saturation. At the end of this time the cock at 
the bottom of the tube was closed and the wash bottle, B, was 
replaced by a mercury reservoir. Without removing the saturat- 
ing tube from the bath, the free gas was driven completely out of 
it by admitting mercury underneath the solution, until the latter 
was driven up into the rubber outlet tube. The rubber tube was 
then closed with a clamp, and the solution was ready for determina- 
tion of its CO, content. 

The CO, from the Kipp generator was tested by absorbing 1 
liter with alkali. The unabsorbed residue was always less than 
1 part in 2000 of the COs. 

Saturation in Rotating Tonometer.—The technique used was that 
described by Austin et al. (1922) as their “First Saturation 
Method,” with a double-chambered tonometer to permit separa- 
tion of the liquid and gas phases after saturation was finished 
The gas phase was renewed once during the saturation 


Analyses. 


The CO, contents of the solutions were determined in the man- 
ometric gas apparatus of Van Slyke and Neill (1924). The special 
5 ec. pipette and technique for transfer of the solution from the 
saturating tube to the manometric gas apparatus, described in 
section XII of Van Slyke and Neill’s paper were employed. The 
analyses were carried out in a Van Slyke-Neill gas apparatus with 
an extraction chamber of 100 cc. capacity instead of the usual 
50 ce. The CO: gas extracted from each 5 cc. sample of saturated 
solution was brought to 4 cc. volume for measurement of its 
pressure, which was determined by the difference between the 
manometer readings before and after absorption of the CQ, 
with NaOH solution. The pressures measured were in the 
neighborhood of 500 mm. when the solutions had been saturated 
with pure CO, at 38°. Duplicate analyses at the same tem- 


? The thermometers in the bath were calibrated by comparison with two 
Bureau of Standards thermometers. The temperature was found not to 
vary in any part of the bath by more than 0.1° from 38°. 
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perature usually agreed within 1 mm. of pressure. The CO, 
contents of the solutions were calculated from the pressures by 
means of the factors recently published by Van Slyke and Sendroy 
(1927). 

Of the solutions equilibrated with CO, under tensions of only 
40 to 50 mm. (Table XII), 15 cc. samples were taken for analysis. 
The extracted CO, was brought for measurement to a volume of 
1.000 cc. and gave pressures in the neighborhood of 350 mm. 

All CO, determinations were performed in duplicate or triplicate. 
Except in Table XII, we give only the mean result of the analyses 
of each solution. With this exception, whenever two analyses 
are reported for the same solution, they indicate that separate 
portions were saturated independently with CO. 

The water contents of sera, plasmas, and cell solutions were 
determined by drying samples of 2.000 cc. volume overnight at 
110° and determining the loss of weight. The water contents of 
the salt and acid solutions were estimated from the specific gravity; 
from the total weight of a cc. of solution the known weight of 
salt or acid in it was subtracted to obtain the weight of water. 

Chlorides were determined by the wet ashing method of Van 
Slyke (1923-24). 

The protein contents of the plasmas and sera were estimated by 
multiplying with 6.25 the total nitrogen determined by the 
Kjeldahl method. The protein content of cells was estimated 
as N X 5.78. 

The fat was determined gravimetrically on 10 cc. samples by the 
Rése-Gottlieb method.* 

The total base in serum and plasma was determined by the 
gasometric method of Van Slyke, Hiller, and Berthelsen (1927). 

Sodium and potassium in cells were determined by ashing 5 cc. 
samples with nitric acid, converting the ash into sulfates, removing 
CO., Ca, and PO, with ammonium carbonate and barium hy- 
droxide. The Na and K sulfates were weighed, and the K de- 
termined as chloroplatinate, as outlined in the “Methods of 
Analysis of the Association of Official Agricultural Chemists.” 


3 The Rése-Gottlieb method was used as described on p. 262 of ‘‘Official 
and tentative methods of analysis of the Association of Official Agricul- 
tural Chemists,’’ Washington, 1924. 
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Calculations. 


The CO, tension in solutions saturated with pure COQ, at at- 
mospheric pressure was calculated as B — W, where B is the 
barometric pressure and W the vapor tension of water at the 
temperature of saturation (at 38° W is 49.7 mm.). In solutions 
saturated with a mixture of CO, and H, the CO, content of the 
dry gas mixture was determined by Haldane analysis as modi- 


TABLE II. 
Solubility of COz at 38° in Water Acidified by Addition of HCI to 0.01 x 
Concentration. 
H,0 content of solution = 0.997 gm. per liter at 24°. 


| 























Method of saturation. CO: content.* | CO: tension. a | a? 
vol. per cent mm ce. —— cc. | cc. COs gm. 

_ Ra erry eee | 51.53 715.1 0.5452 0.5468 
ite csyeticlervendawen 50.48 700.8 0.5450 0.5466 
MA cecowi ican ewan 51.23 712.0 0.5444 0.5460 
Dibickicctassiaciosies | 52.02 721.8 0.5453 0.5469 
cane ictal eul ek eae 52.10 723.0 0.5453 0.5469 
RE er ae oe 51.90 719.3 0.5459 0.5475 

MIR ae aca ars arn eee inca | 0.5452 | 0.5468 
Average estimated for pure HO by correcting 

for depression of 0.0003 in a due to 0.01 mol of 

TRE Oe Eee eee ae 0.5455 0.5471 








* The CO, contents given are as determined in solutions cooled to room 
temperature of 22-24°. The volume shrinkage is corrected for in cal- 
culating a by Equation 2. 


fied by Y. Henderson (1918), and the CO, tension, p, was calcu- 
lated by the usual formula 


_ per cent CO, in gas 


(1) ? 100 





x (B — W) 


Bunsen’s solubility coefficient, a, was calculated by the formula 


760 [CO,] V 
(2) a =— X—— 


Pp “100 V 


Acids. 


TAL tit. ; 
in Solutions of Hydrochloric, Lactic, and Phosphoric 


Solubilities 
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TABLE IV —Solubility of 0g. Salt 
—————__] ih OGL | 
Salt. | Free acid. | — 
Method | ) | Hs Dom COs con- | C0) Jified|” 
of satu- ent at ent at i acl | 
sation. Kind. Concentration. Kind. | Concentration. 22— 2° ‘ 22 — 24°| wo =_— 
ols ser | ols ols. Der a 
mols. per l - io | ry Hs Blom. — pe - mul C0: per 
| } solution | 
B | NaCl 0.150 | 0.1508] HCl | 0.010 | 0.010 | 0.995 | 50.56 | 7 5300 
T " 0.150 | 0.1508} “ | 0.010 | 0.010 | 0.995 | 49.85 | Tif ng 
B a 0.300 | 0.3024 “ | 0.010 | 0.010 | 0.992 | 48.80 | 72 Ses 
T 0.300 | 0.3024] « | 0.010 | 0.010 | 0.992 | 48.33 | Taf 5 
| | | 
| | 
B | KCl 0.150 | 0.1511} HCl | 0.010 | 0.010 | 0.993 | 49.32 | TUR os | 
T . 0.150 | 0.1511 “ | 0.010 | 0.010 | 0.993 | 49.80 | 7008 5514 
B . 0.300 | 0.3031) “ | 0.010 | 0.010 | 0.990 | 48.22 | 00h on 
T . 0.300 | 0.3031; “ | 0.010 | 0.010 | 0.990 | 48.61 | 7H 1.0 
| - 
ieee _ 
B | Nalactate. | 0.150 | 0.1526 | Lactic. | 0.100 | 0.102 | 0.983 | 48.30) 7Whoy 
T  's 0.150 | 0.1537 " 0.150 | 0.154 | 0.976 | 48.78 | 701f 99 
B ~ 0.300 | 0.3090 . | 0.100 | 0.103 | 0.971 | 46.53 | Tf a2 | 
T . = 0.300 | 0.3137 " 0.300 | 0.314 | 0.956 | 46.53 | 7018 soon 
| 
a ee a a 
B | Klactate. / 0.150 | 0.1534] Lactic. | 0.100 | 0.102 | 0.978 | 50.35| TB 7, 
T "© 0.150 | 0.1541 . | 0.150 | 0.154 | 0.974 | 50.35 | 72h 90 
B . * 0.300 | 0.3119 . | 0.100 | 0.104 | 0.962 | 48.71 | 72h so 
T . * 0.300 ‘ee ” 0.300 | 0.315 | 0.952 | 48.59 | 7206 sn. | 
ae a _ a. en oe —— 
B | NaH.PO, | 0.0375 | 0.0376 | H;sPO. 0.011 | 0.011 | 0. 996 | 50.33 | 710 1 5360 
“ " 0.075 | 0.0755 | . 0.019 | 0.019 | 0.994 | 49.50 | 70H sn 
" 0.120 | 0.1210 | . 0.024 | 0.024 | 0.992 | 48.61 | 708 5175 
" vs 0.150 | 0.1512 | - 0.015 | 0.015 | 0.992 | 48.12 712 sip 
“ " 0.300 | 0.3042 | . | 0.030 | 0.030 | 0.986 | 45.49 | 718% go, 
" “ 0.300 | 0.3042 | . | 0.030 | 0.030 | 0.986 | 45.42 | T1268 goon 
| | _ 
ae ee: | = _ | 7 | —_|__ fanof 0.1 
B | KH:PO. | 0.150 | 0.1516 | H:PO. | 0.015 | 0.015 | 0.990 | 49.16 | 72) 5163 
“ . | 0.300 | 0.3055 | . 0.030 | 0.030 | 0.982 | 46.70 | 7204 ype 
“ ” 0.300 | 0.3055 | . | 0.030 | 0.030 | 0.982 | 46.30 | 712.5 sors 
| | | | 
| 
| 
Bae a = 
| | - | | wo f- 
KHC.0, 0.300 | 0.3057} None. | 0 0 | 0.979 | 49.49 | T1851) 
. . 0.600 | 0.6198} «“ 10 |0 | 0.968} 47.19 | 7184 so¢9 
| | 
| 
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Aa = depression of CO: solubility caused by salts or acids in solution. 
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| | Aa Aa® 
O: con-| | C0, 
ent at | } scidified| ~~ | all | 
2 — 24°) > Si eolu- aa , crved | Dueto |p | | Per mol ae om ed! Due to Dueto | Per mol 
"tion. free acid. |? UC to Salt.) © cait, = freeacid. | salt. | salt. 
0.5455 a. | 0.5471—a® | 
— (a) | (b) | (a) — (6) | (a) — (6) (c) (a) (ce) — (d) | (ec) — (d) 
ef : —_——_|——-+ 
“a mak (0; per | cc. COz per | cc. COz per | cc. COz per ro a cc. COs per|cc. CO per| cc. COs per jcc. CO: perjcc. COs per 
— gm. H:0 | gm. Hx0 | gm. HO | gm. H:O | gm. HO 


solution | cc. solution |°* solution | ec. solution then 


, | | 
0.56 | TA i300 | 0.0155 | 0.0003 | 0.0152 
19.85 | 715 276 | 0.0179 | 0.0003 | 0.0176 


0.101 | 0.5327 | 0.0144 0.0002) 0.0142 | | 0.094 


0.116 | 0.5302 | 0.0169 0.0002) 0.0167 | 0.110 








7 Tih 5116 | 0.0339 | 0.0003 | 0.0326 | 0.112 | 0.5157 | 0.0314 | 0.0002] 0.0312 | 0.108 
8-83) Tis 13 | 0.0342 | 0.0003 | 0.0339 | 0.113 | 0.5154 | 0.0317 | 0.0002| 0.0315 | 0.104 

_| | | | Mean. 0.113 | 0.109 
9.32 | ifs; | 0.0130 | 0.0003 | 0.0127 | 0.085 | 0.5363 | 0.0108 | 0.0002| 0.0106 | 0.070 
9.80 | THB ssi | 0.0141 | 0.0003 | 0.0138 | 0.092 | 0.5343 | 0.0128 | 0 oo 0.0126 | 0.083 
8.22 | TWh 07 | 0.0248 | 0.0003 | 0.0245 | 0.082 | 0.5260 | 0.0211 | 0.0002| 0.0209 | 0.069 


| | | Mean. 0.087 


| 
| 
8-61) 7h sis7 | 0.0268 | 0.0003 | 0.0265 | 0.088 | 0.5241 | 0.0230} 0.0002/ 0.0228 | 0.075 
i | ae 
| 


B14 | 0.0241 | 0.000 | 0.0241 0.161 | 0.5303 | 0.0168 | —0.0033 0.0201 | 0.132 
5220 | 0.0235 | 0.000 0.0235 | 0.157 | 0.5350 | 0.0121 | —0.0049| 0.0170 | 
| 


53 | 7 
5.58 700) 5003 | 0.0432 0.000 | 0.0432 0.144 | 0.5174 | 0 0297 














an | —0.0033) 0.0330 | 0.107 
5.53 | 10h wey | 0.0475 | 0.000 | 0.0475 | 0.159 | 0.5207 | 0.0264 | —0.0098) 0.0362 | 0.116 
a | | | Mean. 0.155 | 0.116 
).35 | Thong | 0.0177 | 0.000 | 0.0117 | 0.118 | 0.5398 | 0.0073 | —0.0033] 0.0106 | 0.069 








0.0167 | 0.111 | 0.5429 | 0.0042 ~0.0049) 0.0091 | 0.059 


0.0163 | —0.0033) 0.0196 | 0.063 
0.0109 | —0.0098) 0.0207 | 0.066 


| wp 99288 0.0167 | 0.000 | 

3-71 | 72H 506 | 0.0349 | 0.000 | 0.0349 | 0.116 | 0.5308 
59 | 720 503 | 0.0352 | 0.000 | 0.0352 | ‘| 0.117 | 0.5362 
— | |_Mean. Mean. 0.116 | 0.064 
se | p00 | 0 0095 | 0.0005 | 0.0090 | 0.243 | 0.5381 | 0.0090 | 0.0002] 0.0088 | 0.234 
| r0f 22 | 9-183 | 0.0008 | 0.0175 | 0.233 | 0.5302 | 0.0169 | 0.0003] 0.0166 | 0.220 
My | of | 90-0260 | 0.0010 | 0.0270 | 0.225 | 0.5217 | 0.0254 | 0.0004) 0.0250 | 0.207 
FT pl | 0.0346 | 0.0006 | 0.0340 | 0 226 | 0.5151 | 0.0320 | 0.0002) 0.0318 | 0.210 
ie | RM | 0.0664 | 0.0013 | 0.0651 | 0.217 | 0.4864 | 0.0607 | 0.0005] 0.0602 | 0.198 
2) Mhe23 | 0.0632 | 0.0013 | 0.0619 | 0.2 06 0.4891 | 0 0580 | 0.0005) 0.0575 | 0.189 














lan of 0.15 onde: 301 M cstubiens:. 0. 218 0.201 


al a 15163 | 0.0292 | 0.0006 | 0.0286 | 0.291 | 0.5237 | 0.0234 | 0.0002| 0.0232 | 0.153 
| ong 406 | 0.0549 | 0.0013 | 0.0536! 0.179 | 0.4996 | 0.0475 | 0.0005) 0.0470 | 0 154} 
| 











80 | 7s | 0.0540 | 0.0013 | 0.0527 | 0.179 | 0.5005 | 0.0466 | 0.0005) 0.0461 | 0.154) 
22 eo oe er) 
| a Eo | 0.0244 | 0.000 | 0.0244| 0.081 | 0.5328 | 0.0143 | 0.000 | 0.0143 0.046 
14969 | 0.0486 | 0.000 | 0.0486 | 0.081 | 0.5134 | 0.0337 | 0.000 | 0.0337 | 0.054 

| ~ Mean. ay” Osi | | | | 0.050 
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where p represents the CO, pressure in mm. of mercury at the 
time of saturation, and [CO,] the volume per cent of CO, found 
in the solution analyzed at room temperature. Vp and V_ 
represent respectively the volumes occupied by 1 gm. of the 
solution at room temperature (when analyzed) and at the tem- 
perature of saturation. If a solution is cooled from a saturation 
temperature of 38° to a room temperature of 20° before it is 
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Fig. 2. Solubility of CO: at 38° in solutions of salts and acids. Points 
represent average results of analyses listed in Tables III and IV. 


analyzed, it contracts by 0.5 per cent of its volume, and the volume 
per cent CO, content found by the analysis becomes 0.5 per cent 
higher than it was at 38°. Hence the necessity for including the 


Vr. , ' 
factor — in the usual formula for calculating a. In calculating 


38° 





Vr ;' ‘ : 
the value of —“ the coefficient of expansion of the solutions 
38° 
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analyzed has been assumed to be the same as that of water. 


a 


At 20° the value of Vr is 0.995. 
38° 
For convenience in indicating the effects of dissolved substances 
on the solubility of CO, per unit of water in the solutions, we use 
the symbol a° to indicate the cc. of CO2, reduced to standard 0° 
and 760 mm., that are dissolved, under 760 mm. of CO, tension, 
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Fic. 3. Solubility of CO. at 38° per gram of water in solutions of salts 
and acids. Points represent average results of analyses listed in Tables 
III and IV. 


per gram of water in the solution. «® is therefore a CO,:H;0 ratio, 
and is calculated as 
760 [CO.] 
ana — a ea 
@) “= > * i00 (H0) 
(H,O) represents the grams of water per cc. of solution, the sample 
of solution for (H.O) determination being measured at the same 
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room temperature as the sample for CO.. Because both analyses 
are made thus at the same temperature, and a® expresses the 


yr 


, ; J 
ratio CO, : H,O rather than CO, : volume, the am factor does 
38° 
not enter into the calculation of a°. 


DETAILS AND RESULTS OF SOLUBILITY DETERMINATIONS. 


Solubility of COz in Water and in Solutions of Acids and Salts.— 
Our data on these values are given in Tables II to IV. 

In Figs. 2 and 3 the solubility values are represented by curves 
which permit comparison of the effects of the different salts and 
acids on the solubility of CO, in aqueous solutions. The particular 
salts and acids studied were chosen because it was necessary to 
know their effects on the solubility of CO, in order to estimate the 
effects of the other constituents of cells and serum. 

Water.—For the solubility coefficient of CO, in water at 38° 
our value 0.5455 is 1.7 per cent lower than the value 0.555 pub- 
lished in 1905 by Bohr. Bohr’s value, however, was not actually 
determined at 38°. It was obtained by interpolation on a curve 
constructed from a number of a values measured by Bohr (1899) 
at temperatures from 0.1-61.4°. To judge from the grouping 
of points about the curve, the difference between Bohr’s results 
and ours may not be outside the experimental error of his method 
plus the error involved in the interpolation. We have repeated 
six times in duplicate the determination at 38° + 0.1°, and all six 
values, given in Table II, are between 0.5444 and 0.5459. Half 
of our saturations were by the bubbling technique and half by the 
tonometer technique. For the temperature 38° it appears 
probable that our average value 0.5455 is exact within 1 unit in the 
third decimal place. 

Salt Solutions—The curves of Fig. 2 indicate the presence of 
additive ionic effects in lowering the solubility of CO, in water 
solutions. The sodium salts regularly depress a more than do the 
corresponding potassium salts, and among the anions chloride, 
lactate, and acid phosphate rank in ascending order in their ability 
to depress a. Geffcken (1904, p. 285), from his solubility figures 
in more concentrated salt solutions, pointed out the occurrence 
of such ionic series, and the possibility of additive ionic effects. 
Our results indicate that, for the salts we have used, in the con- 
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centration range below 0.3 , the effects on the solubility of CO, 
can be calculated practically within the limit of experimental 
error by adding the effects of the component ions. 

In order to calculate the effects of the different cations and 
anions on aco, we have to make an arbitrary assumption of the 
magnitude of the effect of some particular ion, and use this assumed 
value as a starting point for estimating the relative effects of the 
other ions. If we assume a value for some cation, and the value 
is higher than the actual one, the values for all the other cations 
will be too high by the same margin, and the values for all the 
anions will be correspondingly low; but the value for any given 
electrolyte obtained by adding those of its ions will be correct 
because the positive error of the additive figure for one ion will be 
balanced by the negative error of the figure for the opposite ion. 

We have accordingly assumed that the effect of the hydrogen 
ion on the solubility of CO, in water is zero. It appears that, in 
fact, its effect is relatively slight. The data in the literature 
(Geffcken, 1904) on the solubility of CO, in solutions of strong 
acids and their salts show that of all the inorganic cations the 
hydrogen ion has the smallest effect. Thus, in Fig. 2, it is obvious 
that HCl has much less effect in depressing aco, than has KCl 
or NaCl. The effect of a 0.1 N solution of HCl is in fact hardly 
outside the limit of experimental error. We have accordingly 
assumed that the H+ ion is without effect, and that the depression 
of aco, caused by HCl is due entirely to the Cl- ion. The 
“molar a depression” given in Table III for HCl was subtracted 
from the molar depressions of NaCl and KCl (Table IV) respect- 
ively in order to estimate the depressions of aco, caused by 
Nat and K* ions per unit of molar concentration. The values 
for the lactate~, H2PO,-, and HC,0,- anions were estimated by 
subtraction of the Na+ and K+ values from the molar depressions 
of the respective alkali salts. The molar depressions for each ion 
obtained from its different salts showed some variation, partly 
due doubtless to experimental error, partly to failure of the ionic 
effects to be exactly additive. The mean value for each ion is 
given in Table V. 

In Table VI the molar depressions of the different strong 
electrolytes experimentally found, from the data of Tables III 
and IV, are compared with the molar depressions estimated by 
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adding the ionic depressions from Table V. The maximum 
deviation between calculated and observed molar depressions of 
aco, is 0.006. This corresponds for a 0.3 m salt solution, the 


TABLE V. 
Effects of Different Ions in Depressing Solubility of COz in Water at 38°, 
Figures are valid for concentrations below 0.3 m. Ions are arranged in 
the order of their effects on a°. 


Per cent by which CO, 








- colubity per unit | clubility in pure 
concentration of ion | unit concentration of 
| present. | 10n present. 

Aa A a® Aa | da? 
ee ispeschadedhinnadciheniwntis 0 | 0 0 0 
i i il | 0.026 | 0.000 | 4.7 | 0.0 
NS RETEST ER OCTET | 0.066 | ©.018 | 12.1 | 3.3 
aE 009 | oo9 | 53 | 35 
| NEES | 0.053 | 0.049 | 10.6 | 9.3 
eee | 0.08 | 0.090 | 15.6 | 16.7 
| ERAS rem ne Ss 0.137 | 0.110 | 25.1 20.1 





TABLE VI. 
Comparison of Observed Depressions of CO2 Solubility by Salts in 0.16 to 0.30 
Mm Concentration with Depressions Calculated as Sum of Ionic Effects. 





solubility per unit M concen- solubility per unit m concen- 


Depression of CO: Per cent depression of CO: 
tration of salt. tration of salt. 














| 
| 
| 
| 

















Salt. 1 Aa 0 A a® 

- Aa Aa? | OHS: ue 
| Ob Caleu- | Ob- | Caleu- | Ob- | Caleu- | Ob- | Caleu- 
sete lated. | served. lated. | served. | lated. | served.| lated. 
ERECT: | 0.029| 0.029! 0. 019} 0. 019) 5.3| 5.3] 3.5| 3.5 
NaCl...............| 0.111] 0.114! 0.103] 0.109] 20.7 | 20.9 | 18.8 | 19.9 
| i: | 0.087| 0.082| 0.074| 0.068) 15.9 15.0 | 13.5 | 12.4 
Na lactate.......... 0.155] 0.151) 0. 116 0.108] 28.4 | 27.7 | 21.2 | 19.8 
Se ease | 0.116) 0.119) 0.064) one 21.3 | 21.8 | 11.7 | 12.2 
NaH.POQ,...........| | 0.218] 0.222) 0. 201| 0 40.2 | 40.7 | 36.7 | 36.5 
a | 0.185! 0.190] 0.153! 0. 120) 35.9 | 34.8 | 28.0 | 29.1 
Mn... oc ccenss | 0. 081| 0. 081| 0.050) 0. 050/ 14.8} 14.8] 9.1) 9.1 








strongest with which we worked, to a difference in aco, of only 
0.002, which is 1 part in 270, or about the experimental error. 
It appears therefore that for the solutions studied of less than 
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0.3 m concentration, the depression of CO, solubility caused by the 
salts studied can be calculated by addition of the effects of each 


Aq in per cent of @ of a | 





Aa 
0.00 A a0 
Biss ssi eeemnsssese eee i 
0.01 +t ieses seea, it 20 
tt HST tH 30 
0.02 t+ ; 
+ 40 
H 50 
0.03 
ee 60 
esi cates Ceest tiees tedtee! f ttt tt 10 
004 004008 O16 026 









Ion Concentration in Mots per Liter 
Fic. 4. Depression of Bunsen solubility coefficient by different ions. 


Aa = depression of a. Dash line indicates Aa for H:PO,~ calculated 
from mean molar Aa when in Table V. 


Aa@’ in per cent of @°of H20 7 


Aa 
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001 F 20 
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004 004 008 
lon Concentration in Mols per Kg. M20 


Fia. 5. Depression of CO: solubility per gram of water caused by differ- 
ent ions. Aa® = depression of a®. Dash line indicates Aa® for H2PO.~ 
calculated from mean molar Aa® value in Table V. 


ion, such effect being calculated by multiplying the molar depres- 
sion value in Table V by the molar concentration of the ion. 

The extents to which the different ions in varying concentration 
have been found, as above described, to depress the solubility of 
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CO, in water are shown by the curves of Figs. 4 and 5. For con- 
centrations below 0.3 m, the effect of each ion except H2PQO,~ is a 
linear function of the concentration. The curves of the H.PO,- 
effects are definitely convex towards the horizontal axis. The 
data of Geffcken (1904) and Setschenow (1892) show a similar 
convexity of the curves of electrolytes in general when ranges of 
higher concentration are covered. Setschenow (1892) arrived 
empirically at the conclusion that the relative solubility, 
a in salt solution 





- , varied inversely as the logarithm of the salt 
a in water 


TABLE VII. 
Solubility of COz at 38° in Normal Plasma and Serum Acidified with 0.1 Mol 
of Lactic Acid per Liter. 















































- | - | Solubilities. Relative solubilities, 
| 8 | | 8 
3 = 3 
Material. < g e 
|} 3 3 a a a? as Se £);2 
| 8 § g s|$ | 22 | 2/5 
| s s | 9 gis | ee | #8 
6) 6) x } ole %I% SIS 
| gm, |c:COr les. CO2 | 
peeing me are. 
er 47.51) 706 |0.931 | 0.509) 0.549) 0.933) 1.004) 1.031 
7 <9 seahennanes | 47.90) 709 (0 925 | 0.511) 0.555) 0 938) 1.015) 1.043 
Normal human | | 
serum.............| 47.40} 709 0.921 | 0.506) 0.552| 0.927| 1.008} 1.037 
Normal human ox- | 
alate plasma...... | 47.32} 700 |0.925 | 0.511] 0.555) 0.938) 1.015) 1.043 
CE cinnsactceniscnnsinciic (0.9255| 0.509| 0.553] 0.934] 1.011] 1.038 





concentration. In our relatively dilute solutions there is no 
evidence of such a logarithmic relationship, except in the phos- 
phate solutions. 


Normal Serum and Plasma. 

Samples of normal plasma and serum were acidified by addition 
of 1 volume per cent of concentrated lactic acid (sp. gr. 1.20) which 
is approximately enough to make a 0.1 N solution. It was suff- 
cient to depress the pH to approximately 3.5 (determined electro- 
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metrically). The solubility coefficient of CO, in the acidified 
serum or plasma was determined by saturation in a rotat- 
ing tonometer, as described above. The results are given in 
Table VII. 

That the changes produced in the serum by addition of the lactic 
acid did not significantly alter the solubility coefficient of CO, 
appears probable from the following considerations. The con- 
centration of lactate anions produced by replacement of the 
bicarbonate and protein anions of serum is 35 to 45 milli-equiva- 
lents per liter, about 25 by replacement of bicarbonate and 12 
to 18 by replacement of serum protein anions (Van Slyke, Wu, and 
McLean, 1923). From Fig. 4 we estimate that lactate anions in 
40 mM concentration depress aco, at 38° by 0.0026, which is 0.5 
per cent of the solubility in water, an amount that hardly exceeds 
our experimental error. The actual ago, depression caused by 
addition of lactic acid to serum is presumably less than this: 
it is the difference between it and the depression caused by the 
replaced anions, chiefly HCO;-. Free lactic acid in amounts 
greater than those present has no measurable effect on the aco, 
in water solution. We appear justified in considering that the 
solubility of CO, in serum is altered by less than 1 part in 200 by 
the added lactic acid, and that the aco, values in Table VII 
apply as they stand to serum in its natural state. 

The ‘‘a° saline” values by which the figures in the last columns 
of Tables VII and VIII were calculated were computed according 
to the following considerations. The salts in serum acidified with 
lactic acid consist of approximately 0.160 equivalents of total 
electrolyte per liter, of which nearly 90 per cent consists of sodium 
chloride and lactate. As shown by Fig. 3, the effects of NaCl and 
Na lactate on a°, the COs, solubility per gram of water, are so 
nearly alike that below 0.16 m concentration the differences hardly 
exceed the experimental error. It appears therefore that we can 
with little error estimate the effects of the entire 0.160 equivalents 
of electrolyte on a° to be equal to that of 0.16 m NaCl. From the 
molar Aa® value, 0.103, of NaCl (Table IV) we calculate the depres- 
sion of a by 0.16 mols of the salt per kilo of water to be 0.0165 at 
38°. However, of the 0.100 mol of lactic acid added about 0.060 
remains free, and from the data of Table III this concentration is 
sufficient to raise a by 0.002 units. The total effect of the salts 
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and free lactic acid is therefore to depress a° by 0.0145. Hence 
if the solubility of CO. per gram of water in serum were affected 
only by the salts and the added lactic acid, the estimated a 
would be that of water, 0.5471, reduced by 0.0145, or 0.5326. 
This is the value assumed for “‘a® saline” in calculating the figures 
for the last columns of Tables VII and VIII. The average value, 
1.038, for the relative solubility ratio, = om indicates 
a° in saline 

that the organic constituents of the four sera dissolved on the 
average enough CO, to increase the amount dissolved per gram 
of water to the extent of 3.8 per cent above what it would be 
if the organic constituents were inert as CO, solvents. It is 
difficult to estimate the probable error of this calculation, but it 
appears that we may be justified in stating that the organic constit- 
uents of normal serum are responsible for 3.8 + 1.0 per cent of 
the CO, which the serum can take up by physical solution. 





Effects of Lipoids and other Organic Constituents on Solubility of COs. 


It has been shown above that normal serum and plasma dissolve 
about 4 per cent more CO, than they would if their constituents 
other than water and salts were inert towards this gas. Stoddard 
(1926-27) found a similar excess solubility of nitrogen gas in serum, 
and showed that it was due to the solubility of the gas in the 
lipoids. We find likewise that the solubility of CO, in excess of 
that attributable to the aqueous saline solution present is due at 
least in chief part to the solvent effect of the lipoids. This 
effect is not surprising in view of the fact that oils in general show 
solubility coefficients for CO, higher than that of water. The 
effect in plasma indicates a solvent power of the lipoids several 
times that of water. The two lipemic human plasmas and the 
lipemic serum reported in Table VIII show before extraction with 
ether a° values 10 to 12 per cent above those from Fig. 3 for NaCl 
solutions of the same salt contents. After extraction with ether 
the a° values were only 2 to 5 per cent above those estimated for 
saline solutions of similar content. The lipoids were not com- 
pletely removed by ether extraction, and the excess solubility 
remaining in the extracted serum is attributable at least in part 
to the unextracted lipoids. That a part may be attributable to a 
slight solvent effect of the proteins for CO, is not excluded. 
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However, in comparison with the lipoids, the proteins in the 
serum act as relatively inert substances. They appear neither to 
dissolve significant amounts of CO, themselves nor to affect the 
CO.-dissolving power of the saline water of the plasma. Their 
chief effect is to decrease the volume of CO, dissolved per cc. of 
serum by displacing water. The proteins thus markedly depress 
the total CO, solubility, a, per cc. of serum, but not the solubility, 
a, per gram of serum water. 

In depressing a, the proteins and salts act together, although 
physically in quite different ways, while the opposing influence 
of the lipoids is to increase a. Usually the influence of the proteins 
and salts preponderates; and a, the volume of COQ, dissolved 
per volume of fluid, is lower in serum than in water. In our 
normal sera a averaged 0.510 tompared with 0.546 determined by 
the same methods for water at 38°. In the lipemic sera encount- 
ered in some pathological conditions the a values exceed those of 
normal serum. Thus in Sample 3 of Table VIII the a value is 
0.551. It appears that in extreme cases of lipemia, such as are 
met in nephrosis and severe diabetes, values of a occur which 
exceed even that of pure water. The low protein content usually 
encountered in pathologically lipemic sera assists the high fat 
content in raising the a value. 

The organic serum substances other than proteins and lipoids 
do not appear to affect the solubility of CO, to a degree capable 
of measurement by our methods. The solution of serum proteins, 
of which the analysis is given in Sample 5 a of Table VIII, behaved 
quite like serum itself. 


Details of Experiments Recorded in Table VIII.—In each case the plasma 
or serum was acidified with 1 volume per cent of lactic acid of 1.20 specific 
gravity. The material in Samples 1, 2, and 3 was lipemic plasma and serum 
obtained for us by Drs. MacKay and Moller from three patients with 
nephrosis. The plasmas were milky with fats, but low in proteins, in 
accord with the usual composition of plasmas from nephrotic subjects. A 
portion of each sample was extracted three times with ether, 2.5 volumes of 
ether to 1 volume of plasma or serum being used for each extraction. The 
ether was then removed by bubbling through a rapid current of air. The 
unextracted control sample was subjected to passage of the same air cur- 
rent, in order to maintain parallel treatment in conditions other than the 
extraction. The latter removed the visible fat. Plasma Samples 1 and 2 
were intended for preliminary experiments, and unfortunately fat de- 
terminations were not performed; the entire material was used for the 
solubility determinations and other analyses. 
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Sample 4 was horse serum low in fat content. It was entirely clear, 
with no visible fat emulsion at all. The content of the invisible lipoids 
was but slightly affected by ether extraction. 

Sample 5 was a solution of serum proteins. The latter were prepared by 
diluting 400 cc. of serum to 1600 cc. and precipitating by saturation with 
ammonium sulfate and CO. The precipitate was separated by centrifuga- 
tion, was extracted with ether, redissolved in water, and again precipitated 
with ammonium sulfate. It was dialyzed in closed collodion sacs in the 
presence of toluene until free of sulfate. The mixture in the sacs was then 
brought to 250 cc. volume with sufficient NaCl to make the concentration 
0.15 Mm. Under the influence of the salt the proteins readily redissolved. 

One portion of 80 cc. of the solution was acidified with 0.80 cc. of con- 
centrated lactic acid and used for the analyses given for Sample 5a in 
Table VIII. Another portion of 65 cc. was mixed with 7 cc. of a1 : 1 solu- 
tion of olive oil and petroleum ether. A rapid stream of air was passed 
through the mixture, simultaneously removing the petroleum ether and 
emulsifying the oil. A better emulsification was obtained thus than 
without the initial presence of the petroleum ether. The emulsion thus 
obtained was acidified with 0.68 cc. of concentrated lactic acid and used for 


the analyses of Sample 5 b in Table VIII. 


Solubility of CO, in Diluted Cell Solutions at 38°. 


Because of the viscosity of acidified cells, it was necessary, 
as mentioned above, to use dilute solutions of them, and estimate 
the solubility in undiluted cells by extrapolation. The cells in 
weighed amounts were diluted to measured volumes with water, 
to which had been added amounts of hydrochloric, lactic, or 
phosphoric acid proportional to the concentration of cells in the 
first solution, and sufficient to reduce the pH below 3.5. The 
volume of cells taken in each case was calculated from the weight 
and the specific gravity. The results of the solubility determina- 
tion are given in Tables IX and X. 

Unlike serum, cells do not permit us to neglect the correction for the 
anions formed from the added acid. The effects on the quantitatively 


important electrolytes of the cells of adding an acid, HA, in sufficient 
amount to depress the pH to 3.0 to 3.5, may be symbolized as follows: 


(a) B*Cl- > B+CI- 
(b) B+HCO;- > B+A- + H,CO,; 


(c) BtHb-~ — B*A-~ + HbtaA- 
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Of these effects only the last (Reaction c) can be important in affecting 
CO, solubility. The chlorides (Reaction a) are practically uneffected. 
The BHCO; concentration is so small in cells, about 15 mM, that the effect 
of HCO;~ replacement by either lactate, H2PO,~, or Cl~ anions must be 
quantitatively negligible. The concentration of lactate™ or H:PO,-, 
anions formed by Reaction c, however, is enough to affect measurably the 
CO: solubility. We have corrected for the depressant effect of the Cl-, 
lactate~, and H,PO,~ anions, formed by addition of the respective acids, by 
calculating the concentrations of the anions thus formed, and adding to the 
observed @ and @® values the Aa and Aa@® corrections estimated from Figs. 
4and5. This correction, as seen in Fig. 6, has reduced nearly to the limit 
of experimental error the differences between results obtained from cells 
acidified with the different acids. 

The correction embodies the assumption that changing the charge of the 
Hb molecules from negative to positive, as indicated by Reaction c, does 
not alter their influence on aco,. This assumption cannot be proved by 
experiment, for aco, cannot be determined in solutions of sufficient al- 
kalinity to permit the existence of BHb, and hence the estimation of the 
effect of Hb~. That a considerable change in the electric charge on the 
Hb molecule does not, however, measurably alter the effect on aco, is 
shown by the agreement between results obtained with cell solutions 
acidified with lactic acid to pH 3.5 and solutions acidified to pH 2.6 with 
phosphoric acid. 

In the cell solutions to which HCl was added the increase in the Cl 
anions was assumed to be equal to the HC! added, since dissociation is 
fairly complete of either the free acid or its salts. 

The concentrations of the lactate and acid phosphate anions in the cell 
solutions were calculated, from the amount of each acid added and the pH 
of the solution, by means of the familiar Henderson equation for mixtures 
of weak acids and their salts. The equation may be written as 


™ a 
Ht 
K’ 


(4) [BA] = 


where C represents the total concentration of buffer, partly in the form of 
the salt BA, partly in the form of the free acid HA. The concentration of 
anions has been estimated, on the assumption of complete dissociation of 
the salt BA, to be equal to [BA]. This same assumption has been made in 
estimating the effects of the lactate~ and H:PO,~ anions on the solubility 
of CO, (Table V and Figs. 4 and 5); whatever error there may be in this 
assumption is neutralized, in so far as significant error in the present 
application is concerned, by using the same assumption in the previous 
determination of the ionic aco, depressions. 





=, by which the added acid, C, must be 
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multiplied to estimate the concentration of its anions, it is necessary to 
know H+ and K’, the apparent dissociation constant of the acid in the 
buffer mixture. The H* values were determined with the hydrogen 
electrode. 

The K’ value for the dissociation of the first hydrogen of H;PO, has been 
estimated by Van Slyke (1922) from hydrogen electrode titrations of Clark 
and Lubs (1916) to be 1 X 10-*. The pH of the cell solutions to which 
H;PO, was added was reduced uniformly to 2.6, corresponding to an H* 
value of 2.56 X 107%. Substituting these two values for K’ and H* in 
Equation 4 we calculate that 80 per cent of the added H;PO, was converted 
into the ionized salt, BH,POx,. 


For lactic acid-lactate mixtures the K’ value appears not to have 
been determined. We have accordingly made an approximate 
estimation of it at 38° as follows: Equal volumes of 0.2 N lactic 
acid and 0.1 nN sodium hydroxide were mixed. Under these 
conditions [BA] = [HA] and H+ = K’ (e.g. see Van Slyke, 1922). 
The pH of the solution was determined with the hydrogen elec- 
trode, the pH of 0.1 n HCl being taken as 1.08 to standardize the 
cell. The lactate mixture showed a pH of 3.74, indicating a 
H+ activity of 1.88 X 10-*. This was therefore taken as the K’ 
value for the lactate mixtures in our solutions. It agrees quite 
closely with the dissociation constant 1.4 X 10~* found by Ostwald 
(1889) with his conductivity method. 


In lactic acid-cell solutions, Samples 1 a, 2 a, and 3 a (Tables [IX and X), 
the amounts of lactic acid added were proportional to the concentration 
of cell buffers present, and the pH was uniformly depressed to 3.5, in- 
dicating a H* value of 3.16 X 10-4. From this H+ and the above K’ we 
calculate by Equation 4 that 31 per cent of the added acid was converted 
into ionized lactate salts. In lactate-cell solutions, Samples 2 a, 2 b, 2 ¢, 
3a, and 3b, the proportion of lactic acid per unit of cell concentration 
was not constant, and the pH was not determined (these were earlier ex- 
periments). The proportion of lactic acid per unit of cell concentration, 
was, however, of a similar order of magnitude, and we have assumed the 
same pH in calculating the amount of lactate salts formed and the resultant 
corrections to a and @°, enclosing the values thus calculated in parentheses 
to indicate their approximate nature. The solubility corrections due to 
lactate are so small (0.0026 to a and 0.0012 to a) that the error involved 
in thus approximating the corrections can hardly affect the solubility 
coefficients by as much as 0.001. 


The observed CO, solubilities in the cell solutions have been 


corrected in Tables IX and X, as there indicated, for the added 
effects of the anions of the added acids and of those portions of the 
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added acids remaining free. The solubility values thus corrected 
are given in the last columns of Tables IX and X. 

From Fig. 6 it is evident that the corrected CO, solubility values 
change in direct linear proportion to the concentration of cell 
contents present in the solutions. 

The solubility per cc. of solution, represented in the lower curve, 
decreases as more cells are added. The total effect of the cell 


0 


Solubility Coefficients, @ and @® 





Ce. Cells in 100 cc.of Solution 
Fia. 6. Solubility of CO, at 38° in solutions of ox blood cells in water. 


constituents is therefore to depress the solvent power per unit 
volume of solution. 

However, the rising slope of the upper curve indicates that 
cell contents, like serum contents, increase the amount of CO, 
dissolved per gram of water in the solutions. Some organic 
constituent or constituents of the cells therefore act as solvents 
for CO2, and their effect on the amount dissolved per gram of 
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water more than offsets the depressant effect of the mineral salts 
present. Whether in the cells, as in serum, the lipoids are re- 
sponsible for the CO, dissolved by the organic constituents, or 
whether the proteins also act to an appreciable extent as CO, 
solvents, we have not been able to settle. 

In order to estimate the solubilities in the undiluted cells we have 
extended the straight lines, representing a and a in Fig. 6, until 
they indicate at 100 the extrapolated coefficients for the cells 
themselves. Such extrapolation involves the assumption that the 
direct linear relationship, between the concentration of cell con- 
stituents present and their effect on the solubility of CO2, found to 
hold for solutions containing up to 25 per cent by volume of cells, 
holds also for the remaining range up to 100 per cent. It has been 

TABLE XI. 


Analyses of Ox Cells Used for Solubility Experiments Reported in 
Tables IX and X. 





H:0 Fatcontent | Protein 








| 
“Xo.” | content of | content. | content. | contents | qiltgee, | ,ceutent, 
| kg. perl. m.-eq. perl. | m.-eq. per l. m.-eq. perl.| gm. perl. | gm. perl. 
1 0.718 | 27.3 | a1 6 | 65.8 1.90 | 287 
2 | 0.669 | 29.9 | 4 72.1 1.22 | 306 
3 | 0.716 | 30.1 | . 7 72.2 2.72 | 291 
4 | 0.74 | 34.0 | 102.1 | 81.8 1.17 | 304 
5 0.749 | 32.0 | 97.0 | 56.6 0.84 | 280 








impossible to prove this assumption, because of the viscosity of 
the more concentrated cell solutions. There is however, no reason 
to expect significant deviation from the linear relationship. The 
electrolyte content, indicated by the total base, reaches in cells 
only about 170 milli-equivalents per kilo of water present (Van 
Slyke, Wu, and McLean, 1923), and the curves of Figs. 2 and 3 
show hardly perceptible deviations from straight lines below this 
concentration. That the effect of the non-electrolytes, in the 
relatively small molar concentration present, would be other than 
linear, appears improbable. 

The extrapolation of the upper curve of Fig. 6 indicates that 
cells saturated with CO, at atmospheric pressure and 38° dissolve 
0.60 cc. of COs, measured under standard conditions, per gram of 
water present. The probable error of the extrapolation appears 
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to be about 0.01 cc. The ordinary Bunsen solubility coefficient, 
plotted in the lower curve of Fig. 6, indicates by extrapolation an 
a value for the ox cells used of 0.45 ec. of CO: per ce. of cells. The 
ox cells contained varying proportions of water (see Table XI). 
Human cells average about 0.73 gm. of water per cc. (unpublished 
data) and, with the same solvent power as ox cells per gram of 
water, would have a Bunsen solubility coefficient of 0.44. 


TABLE XII, 
Solubility of COz in Cell Solutions and Serum Saturated at Low and High 
COz Pressures. 

















| COs ‘ “ De | 
Solution analyzed. tension | ‘ — a a? 
| at 38°. 22. 0-22.5° 
.0-22.5°. 
% vol. lee. COz2 per|cc. CO2 per 


| mm. | percent |cc.solution| gm. H20 











50 ce. horse cells + 150 ce. HO + 20ce. | 
1.0 n HCl, 
H,0 = 0.928 gm. per ce. at 22.5°. 709.7 | 48.50 | 0.517 | 0.560 
Protein = 0.085 gm. per ce. | 48.61 0.518 | 0.561 
Total base = 34.6 m.-eq. perkg. H.O. | 60.2| 4.14 0.520 | 0.563 
pH = 3.7. | 4.12 | 0.517] 0.561 
100 ce. horse serum + 10 ce. 1.0N HCI. | 709 | 49.15 | 0.524] 0.561 
H.O = 0.939 gm. per ce. at 25°. | 49.45 | 0.527 | 0.564 
pH = 3.2. | 41.9) 2.908) 0.525 | 0.562 
| | 2.900 | 0.523 | 0.560 
| 42.4) 2.900! 0.517 | 0.554 
| 2.925 | 0.522 | 0.559 








Solubility of CO. in Serum and Cells at Low CO, Tensions. 


Conant and Scott (1926) ‘recently demonstrated that when a 
solution of hemoglobin was equilibrated with nitrogen gas at 
different partial pressures, the amount absorbed per gram of 
water exceeded the amount absorbed by water in the absence of 
other substances. The excess of absorbed Nz taken up by the 
hemoglobin did not, in its variations with varying Ne: ten- 
sion, follow Henry’s law. It followed the Freundlich adsorption 
equation: 


(5) Amount adsorbed = a p” 
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where 7 is the partial pressure of gas, and a and b are constants for 
a given solution, the usual value of b being 0.5 or less. 

If significant amounts of the CO. were held by adsorption on 
the colloid particles or molecules one would expect to find higher 
solubility coefficients at low than at high tensions, as did Conant 
and Scott in the case of nitrogen. We therefore determined the 
solubility of CO, in acidified serum and cell solutions at CO, 
pressures of 40 to 50 mm. as well as at 1 atmosphere. The 
results given in Table XII show that at the lower CO, tensions 
the same solubility coefficient was obtained as at 1 atmosphere. 
Within the limits of CO, pressures under which our experiments 
were carried out, CO, is dissolved by both plasma and cells in 
accordance with Henry’s law. There is no evidence of deviation 
from it such as was found by Conant and Scott in the case of 
nitrogen gas. 


Effect of Change in ago, on the Calculation of Serum pH by 
Hasselbalch’s Equation. 


From the following considerations it is evident that changing the 
value of a from Bohr’s 0.541 to our 0.510 necessitates no revision 
of the serum pH values in the literature that have been calculated 
by Hasselbalch’s equation, with the Bohr a. 

The concentration of “physically dissolved CO2,”’ symbolized 
as [H.COs;], is estimated, by definition! of the Bunsen solubility 
coefficient, a, as 
-(6) [H.CO,] in ee. CO;) 


dissolved per cc.} = a X (atmospheres CO; pressure) 
of solution } 


mm. CO, pressure 


760 





=a 


where p expresses CO, pressure in mm. of mercury. Hence 


(7) [H.CO;] in cc. CO.) 
dissolved per liter} = 1000 A ee! 
of solution J 760 0.76 
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According to Guye and Pintza (1908) 1 mg. molecule of CO, 
gas at 0°, 760 mm., occupies 22.26 cc. of volume. Hence the con- 
centration in mM per liter is calculated from the concentration in 
ec. per liter by dividing the latter by 22.26. 





SP... = ON ae 


(8) (H:CO,] in mu per liter = 555 x 0.76 


Hasselbalch’s equation may be written 
(9) pH = pK’ + log [BHCO;] — log [H:CO3;] 
pK’ + log [BHCO;] — log (0.0591 @ p) 
pK’ + log [BHCO;] — log 0.0591 — log a — log p 


hou wt 


It is obvious that any change in @ affects pH to the same extent 
that it affects log a, and in the opposite direction. Increasing 
log a by 0.1 will decrease pH by 0.1, and vice versa, if the same pK’ 
is used. 

Hence decreasing a from 0.541 to 0.510 would increase the pH, 
calculated by Hasselbalch’s equation, by 0.026, which is the 
difference between log 0.541 and log 0.510. 

However, if a were thus changed, one would have to revise the 
pK’ value used, by recalculating it from the original values of 
pH, p, and [BHCO;], from which the pK’ values in past use have 
been calculated. pK’ is calculated from experimentally determ- 
ined pH, [BHCOs3], and p, as: 


(10) pK’ = pH — log [BHCO,] + log 0.0591 + log a + log p 


Hence any increase in log a would cause an equal increase in the 
pK’ estimated from identical data. The revision of pK’ would 
neutralize the revision of a, and determinations of pH from 
[BHCO;] and p values with both a and pK’ thus corrected would, 
by the Hasselbalch equation, yield the same pH values as with 
the old constants. 

There would, it is true, be a slight effect on the calculated pH, 
when [BHCOQ;] is determined in the manner usually employed. 
[BHCO;] has usually been estimated as the difference between 
the total CO, in solution, found by analysis, and H:COs, calculated 
from p and a. 


(11) {BHCO; 


— 


= [total C02] —_ [H:CO3] 
= [total CO] — 0.0591 a p 
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Hence any change in a@ does affect [BHCO;]. However, at physi- 
ological blood pH ranges, [H:COs;] is only about one-twentieth as 
great as [BHCO;]. Consequently such change in a as we are con- 
cerned with causes only a negligible percentage change in [BHCO,], 
and a correspondingly negligible effect on the calculated pH. 
For example, at pH 7.4, with [BHCO,] 20-fold as great as H.CO; a 
change of a from 0.541 to 0.510, lowering a by 5.7 per cent, would 


affect [BHCO;] by only “. = 0.28 per cent, and the resultant 


alteration in calculated pH would be only 0.001, a change within 
the limits of error of present measurements. 

It is therefore obvious that our revision of aco, for blood serum 
involves no necessity for recalculating serum pH values in the 
literature that have been calculated by Hasselbalch’s equation. 

If, on the other hand, one changes from the use of Bohr’s a, 
0.541, to our lower a, 0.510, one must make a corresponding change 
in pK’, lowering it by 0.026 units. Otherwise the pH values 
calculated with our a would be 0.026 units too high. 


SUMMARY. 


The measurable deviations of the solubility of CO, in serum 
from its solubility in water have been found due to the following 
factors: salts, depressing the solubility about 3 per cent by 
lowering the solvent power of the water for CO, and to a lesser 
extent by displacing a smal! amount of water; proteins, depressing 
the solubility of CO. per cc. of serum several per cent by displacing 
water; lipoids, raising the solubility (by about 4 per cent in normal 
serum) because of their own high solvent power for CO.. The 
combined effect is to reduce the solubility in normal serum to 
93 to 94 per cent of its solubility in water. But in lipemic serum 
the solubility may exceed that in water. 

The values for blood cells were obtained by extrapolation from 
determinations on aqueous solutions of the cells. Hence the 
coefficients for cells are not significant to more than the second 
place. 

The same solubility coefficient was found for serum whether 
saturated at 1 or + atmosphere of CO, pressure Similar inde- 
pendence of the pressure was found for the CO, solubility coeffi- 
cient of a solution of red blood cells. There was no evidence 
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of deviation from Henry’s law, such as might have been expected 
if any of the colloids of either serum or cells took up significant 
amounts of CO, by adsorption. 

The following solubility coefficients for CO: in acidified solu- 
tions at 38° have been found. 






































Lipemic | 
| Normal | |} Ox 
h 
| Water. | Srum: | serum, | Diced 
| average. —_ average. 
a = cc. CO, measured under standard | | | 
conditions, dissolved per cc. fluid under lo 
760 mm. CO: pressure...............-- 0.5455 | 510 552 ‘ied 
+0.001 
Relative a, water a being 109........... | 100.0 93.4 | 101.2 ' 79 
a® = ec. COs, measured under standard | 
conditions, dissolved per gm. water in | | 
I ais heck bear cadens caes runes 0.5471 | 0.553 | 0.592 | 0.60 
'+0.001 | | 
Relative a°, water a being 100.......... | 100.0 | 101. 4 108.2 110 
stb i | 
Qa 
Factor 76 for formula, [H2CO3;] in vol. 
q. | | 
per cent CO, = z » a eee | 0.0718 | 0.0671) 0.0726) 0.0566 
Factor ——_——. for formula, [H:COs] 
22.26 X 0.76 
ii 
i m per], = ——_———_ X ?..... 0.03222) 0.0301) 0.0326) 0.0254 
=e 22.26 X 0.76 °° "| | | . 
: a?’ | 
Factor —, for formula, [H2COs;] 
22.26 X 0.76’ | | 





in mM per kg. H,0 = Parry he p. | 0.03232] 0.0327) 0.0350) 0.0354 
33 | | | 


* Fo or cells with 0. 73 gm. H.O per ce. 





In water solutions of the chlorides, lactates, and acid phosphates 
of potassium and sodium, the depressions of a and a® per mol of 
electrolyte have been found to be additive functions of the de- 
pressions due to the individual ions. In descending order of their 
effect on a the ions rank as follows: H,PO; > Na+ > K* > 
Cl- > lactate- > HC,O; > H*. 
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Revision of the solubility coefficient of serum from the a value 
0.541, estimated by Bohr (1905) to the value 0.510 found by us, 
does not necessitate revision of the serum pH values in the litera- 
ture that have been calculated by Hasselbalch’s equation. The 
lowering of a is compensated by the lowering of 0.026 units which 
occurs in the pK’ of Hasselbalch’s equation, when the pK’ is recal- 
culated from the same experimental data with our lower a value. 
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STUDIES OF GAS AND ELECTROLYTE EQUILIBRIA IN 
BLOOD. 


XI. THE SOLUBILITY OF HYDROGEN AT 38° IN BLOOD SERUM 
AND CELLS. 


By DONALD D. VAN SLYKE anv JULIUS SENDROY, Jr. 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, June 11, 1928.) 


Fahr’s (1911-12) determinations of the solubility of hydrogen 
at 29.7° appear to be the only ones in the literature in which the 
solvent powers of blood cells and serum for this gas have been 
determined. Hydrogen is occasionally used as an inert gas in 
physiological work (e.g. the lung volume determination of Van 
Slyke and Binger (1923), Lundsgaard and Schierbeck (1923)). 
A knowledge of the solubility of the gas in blood serum and cells 
at body temperature seems desirable. Hence we present the 
accompanying data, which were originally obtained for a specific 
application. 

The serum and cells used were obtained by centrifugation of 
defibrinated ox blood. 

The saturation, with hydrogen gas from a metal tank, was 
performed in a rotating double-chambered saturating vessel ac- 
cording to the ‘‘First Saturation Method” of Austin et al. (1922). 
The hydrogen atmosphere was renewed twice during the satura- 
tion, which was prolonged to an hour. 

The He, content of the liquid phase was determined in a Van 
Slyke-Neill (1924) manometric apparatus with a chamber of 100 
ec. capacity and a calibration mark at 1.000 ec. for measurement 
of the volume of extracted Hz at the time of its pressure reading. 
Samples of 15 cc. each of saturated cells or serum were trans- 
ferred from the smaller chamber of the saturating vessel to the 
manometric apparatus by means of the special pipette described in 
section XII of Van Slyke and Neill’s paper (1924). The Hg: gas 
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was extracted from the fluid by 3 minutes shaking in the evacu- 
ated chamber. To remove CO, and possible traces of O, from 
the extracted gas, the latter was transferred to the special Hempel 
pipette described by Van Slyke and Hiller ((1928), see Fig. 2), 
where the gas was shaken with alkaline sodium hydrosulfite 
solution. 

Before the H. was returned to the chamber for measurement 
the serum or cells were washed out of the chamber and replaced 
by 15 ce. of water, so that the gas volume at the final reading 
could be taken over a transparent fluid with a perfectly sharp 
meniscus. The air in the water was extracted and ejected, and 
the manometer reading po was taken with the meniscus of the 
solution at the 1 cc. mark in the gas-free chamber. 

The hydrogen gas from the Hempel pipette was then returned 
to the chamber, and the manometer reading p; was taken with 
the meniscus again at the 1 cc. mark. The hydrogen content of 
the analyzed fluid was calculated as 


Volume per cent Hz = (p; — po) X factor 


The factor in the above equation was computed by the formula 
given on p. 542 of Van Slyke and Neill’s paper. The a’y, values 
used in the formula were from Winkler’s data in the Landolt- 
Bornstein ‘“Tabellen.”” The 7 factor was taken as 1.000. 

The hydrogen gas from 15 ce. of saturated cells or serum was 
sufficient to give at 1 cc. volume a pressure of approximately 170 
mm., duplicate determinations at the same temperature being 
constant to within 1 mm. 

The H: with which the serum had come to equilibrium contained 
slight amounts of CO.; when cells had been saturated there was 
also a little oxygen extracted from them, and a slight amount was 
present as impurity in the hydrogen used. The amounts of these 
gases mixed with the Hs. were determined with Henderson’s 
modification (1918) of Haldane’s apparatus for analysis of ex- 
pired air. The residue of gas not absorbed by KOH or pyrogallol 
was considered to be Hz. The pressure, py,, of hydrogen, under 
which the cells or serum was saturated, was estimated as 


per cent H, in tonometer gas 


B — 49.7 
a x ( 9.7) 





Py, = 
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where B represents barometric pressure in mm. of mercury, and 
49.7 is the vapor tension of water at 38°. 

The value of the Bunsen solubility coefficient, a, was calculated 
by the equation 


760 [Hi] Vp 756 [Hal 











ae e > = 
where p represents Hy pressure at the time of saturation, cal- 
culated as above, [Hz] is the volume per cent of hydrogen in solu- 
tion, Veg and V,, represent respectively the volumes occupied 
by 1 gm. of the solution at room temperature and at 38°. The 
equation has been discussed in the accompanying paper on CO, 
solubility (Van Slyke, Sendroy, Hastings, and Neill (1928)). 
The H; determinations in the saturated fluids were all performed 


at a room temperature near 22° where the factor yes 0.995, 
38° 


and yt xX 760 = 756. 
38° 
Our value of 0.01620 for ay, in water at 38° is 2.0 per cent below 


the value for that temperature interpolated from Winkler’s data 
in the Landolt-Bérnstein “‘Tabellen.” 

Fahr’s (1911-12) value at 29.7° is 4 per cent lower than that 
interpolated from Winkler’s data for that temperature. Our 
value for ay, in water accordingly lies, as nearly as one can estimate 
by interpolation, between Fahr’s and Winkler’s. 

a observed 

a in H,0 
is practically identical with Fahr’s 0.950 at 29.7°. 

In cells Fahr found relative H: solubility values at 29.7° from 
0.86 to 0.90; ours at 38° are 0.891 and 0.904. 

The a® values indicate cc. of H; dissolved per gram of water in 
solution. From these it is obvious that serum and cells, particu- 
larly the latter, dissolve more hydrogen than would be taken up 
by the water in them if the other constituents were inert. The 
= menrve’ show that serum dissolved 2.2 
a in water 
per cent more of the gas, and cells 18.8 per cent more, than the 
water present would by itself dissolve. The organic constituents 


For ox serum at 38° our relative solubility, , of 0.946 








values of the ratio 
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evidently dissolve considerable amounts. When we consider the 
depressant effect of the alkali salts on the solubility, the solvent 
power of the organic constituents stands out even more pro- 
nouncedly. In the last column of Table I the observed a® values 


TABLE I. 
Solubility of Hydrogen in Water, Serum, and Blood Cells at 38°. 










































































& ae ee § s Relative solubilities. 
3 3 Oc’ 
2 | 2% |34 3 23 
=] e p< 7 32 s+ F . 
Material. : § a8? es % bs 3, HE HE 
8 a | eth 5S ss giz | 2m | Big 
2 | gee Ae a3 1 25 | 3s | aie 
2 |e }ees| 22) 22] °] ei" | sh 
-—' 2 — a3 o6. _ 
H.0 0.998) 707 | 1.508) 0.01613 
™ 0.998) 702 | 1.508) 0.01624 
- 0.998) 702 | 1.498) 0.01613 
as 0.998} 689 | 1.479) 0.01623 
- 0.998} 699 | 1.492) 0.01614 
- 0.998) 699 | 1.518) 0.01642 
os 0.998] 708 | 1.499) 0.01601 
” 0.998} 698 | 1.498) 0.01622 
” 0.998) 698 | 1.507) 0.01632 
ELTA: 0.01620} 0.01632| 1.000) 1.000) 1.036 
0.15 m NaCl. 0.995} 706 | 1.460) 0.01563 | | 
0 995) 706 | 1.452) 0.01555 | 
RR a Ene 0.01559} 0.01576) 0 963| 0.966 1.000 
Rdicaten Snatocn, Betirnca 
Ox serum. | 0.924! 694 | 1.403] 0.01528! 0.01662! 0.943! 1.018) 
| 0.924 694 1 413) 0.01539} 0.01676) 0.950) 1.026 
a a 0.01533| 0.01669| 0.946] 1.022 1.058 
——|——_| 
Ox cells. | 0.750) 693 | 1.323) 0.01443) 0.01925) 0 891) 1.179} 1.234 
| 0.750) 693 1.342) 0.01464) 0.01952) 0.904) 1.196) 1.252 
See: Re 
RE St oa Pe Paeey ee mT 0.01454) 0.01938) 0.898) 1.188) 1.241 





are compared with the a® values for the amount of physiological 
saline present. It there becomes apparent that the organic con- 
stituents increase the hydrogen taken up by serum by about 6 
per cent, and that taken up by cells by about 24 per cent. 
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Stoddard (1926-27) has noted a similar behavior of the organic 
constituents toward nitrogen, and Van Slyke, Sendroy, Hastings, 
and Neill (1928) have observed it towards CO,. The organic 
solvents for Nz and CO, in the serum were identified as the lipoids, 
but the data of the above authors did not indicate in cells whether 
the lipoids or proteins or both were acting as gas solvents. 


SUMMARY. 


Ox serum was found to dissolve, per unit volume at 38°, 96.3 
per cent as much hydrogen, and ox cells 89.8 per cent as much, as 
is dissolved by water. Per gram of water present, serum dis- 
solved 6 per cent more, and cells 24 per cent more, than is dis- 
solved per gram of water in 0.15 M NaCl solution. The organic 
constituents therefore dissolve considerable amounts of hydrogen. 
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GASOMETRIC DETERMINATION OF HEMOGLOBIN BY 
THE CARBON MONOXIDE CAPACITY METHOD. 


By DONALD D. VAN SLYKE anp ALMA HILLER. 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, June 11, 1928.) 


The method here described is based on the capacity of hemo- 
globin to combine with the same maximum volume of CO as of O:. 
The blood sample, which may vary from 0.1 to 2.0 cc., is saturated 
with CO in the 50 ce. chamber of the manometric blood gas ap- 
paratus of Van Slyke and Neill (1, 2). Approximately 2 cc. of 
carbon monoxide are introduced with the blood, and the chamber 
is evacuated and shaken. The carbon monoxide tension of ap- 
proximately 25 mm. is sufficient to change the hemoglobin quan- 
titatively to HbCO, while O, and N: are at the same time com- 
pletely extracted from the blood. The gases are ejected, and the 
HbCO is determined by measurement of the CO set free by acid 
ferricyanide solution. 

The corrections for physically dissolved O, and Ny, are eliminated 
by the above procedure. The substituted correction for physi- 
cally dissolved CO is only 0.3 volume per cent, so that variations 
in it are negligible. 

Economy of material and apparatus is attained by performing 
both the saturation with CO and its subsequent analysis in the 
chamber of the gas apparatus. The loss of part of the blood sam- 
ple entailed in the usual oxygen capacity determination (1, 3, 4) by 
transfer after saturation in a separate vessel, is thus avoided. 
Consequently gasometric hemoglobin determinations are made 
possible with 0.1 or 0.2 ec. of blood. 


Reagents. 


Acid Ferricyanide Solution —To 92 volumes of a stock solution 
containing 32 gm. of K;Fe(CN). per 100 cc. are added 8 volumes 
807 
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of concentrated lactic acid, of specific gravity 1.2. This concen- 
trated acidified solution undergoes very slow decomposition, 
but can be used for over 2 months.' 

Air-Free 1 N Sodium Hydroxide Solution.—A portion of this 
solution is made air-free (see p. 534 of Van Slyke and Neill (1)) 
each day and kept under oil, or is prepared less frequently and 
confined over mercury in the modified Hempel pipette shown in 
Fig. 1. For this purpose mercury replaces the water shown in 
Fig. 1, and the air-free solution replaces the CO gas. 

5 N Sodium Hydroxide.—An approximately CO,-free, saturated 
(18 xn) NaOH solution is prepared by the usual procedure of dis- 
solving NaOH in an equal weight of water, and permitting the 
solution to stand until the carbonate has settled. 27 cc. are 
diluted to 100 cc. to make the 5 N solution, which is kept protected 
from atmospheric CO, in the soda-lime tube, described previ- 
ously (5). ; 

Carbon Monoxide Gas.—This is prepared by warming a mixture 
of anhydrous formic and sulfuric acids. According to the reaction, 
HCOOH = CO + H,O, each cc. of formic acid yields about 500 cc. 
of CO. In Fig. 2 is shown a simple arrangement for preparing and 
storing 3 liters of the gas, enough for 1500 analyses. The two 5 
liter aspirator bottles are connected by a rubber tube, the bore 
of which should be as wide as 15 mm. in order to assure a flow of 
water sufficiently free to prevent the development of back pres- 
sure during generation of the CO. Before the latter process is 
begun the bottle, A, is filled completely with water. Sulfuric acid 
is dropped slowly into the formic acid in the tube, which is gently 
warmed with a micro burner. When about 300 ec. of mixed air 
and CO from the test-tube have collected in A the gases are 
ejected by opening the outlet cock of A and raising B. Then the 
rest of the sulfuric acid is run slowly into the formic acid, and the 
reaction is continued until the CO from all the formic acid has been 


1 Ina portion of the acid ferricyanide solution, kept at room temperature 
in a flask of ordinary white glass and exposed to diffuse but not direct sun- 
light, the ferricyanide content was determined at intervals by measuring 
the N» gas evolved by the reaction with alkaline hydrazine solution. 
4K;Fe(CN). + 4KOH + NoH, = 4KyFe(CN). + 4H20 + No. The per- 
centages of original ferricyanide found were: 7 days, 98 per cent; 10 days, 
93 per cent; 21 days, 92.3 per cent; 60 days, 91 per cent. 
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collected in A. The rubber tube connecting the test-tube with A 
is then closed with a screw clamp close to the glass inlet tube of A, 
and the test-tube is disconnected from A. Because of the toxicity of 
CO the above operaiion should be carried out in a hood or where there 
is a free draft of air. 




















Fig. 1. Hempel pipette provided with 3-way stop-cock. The bulbs are 
of about 50 cc. capacity each. The capillary is of 1mm. bore. When the 
pipette is not in use a little mercury is let into the capillary leading to the 
CO bulb, to seal the 3-way cock and prevent leakage around it. This drop 
of mercury in the capillary to the right of the cock is shown in the figure. 
This pipette may also be used to store air-free solutions. In this case the 
solution replaces the CO gas shown above, and mercury is used where water 
is indicated in the above figure. Supplied by the makers of the Van Slyke- 
Neill apparatus (1). 


Procedure for Analysis of 2 Cc. Blood Samples. 


Measurement of Blood Sample into Apparatus.—1 drop of ca- 
prylic alcohol is drawn into the capillary beneath the cup of the 
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manometric apparatus. (This capillary should be of only 1 mm. 
bore.) Into the cup are measured 4.75 cc. of water. With 
a stop-cock pipette, provided with a rubber tip (see Fig. 4, p. 532, 
of Van Slyke and Neill (1)), 2 ec. of blood are run directly into the 
chamber followed by the 4.75 ec. of water. 

Measurement of CO into Chamber of Apparatus.—Approxi- 
mately 2 cc. of CO, measured at atmospheric pressure, are re- 
quired. This amount provides 0.50 ec. to combine with the 
maximum amount of hemoglobin ordinarily found in human 














Fic. 2. Apparatus for the preparation and storage of carbon monoxide 
gas. The 100 cc. Pyrex test-tube where the gas is generated is provided 
with a mercury safety trap to prevent development of undue pressure. 


blood, and leaves an excess of 1.5 ec., which is sufficient, when 
extended to 43 ec. of volume during the equilibration, to leave a 
CO pressure of about 25 mm. and insure quantitative change of 
Hb to HbCO. The exact amount of CO may vary from 2 ce. to 
3 cc. if it is accurately duplicated in the blank analyses in which 
the correction for physically dissolved gases is determined. Any 
convenient device may be used for measuring the CO. The 
following has been found satisfactory. 

From the Hempel pipette 2 ec. of the CO are measured into the 
chamber of the Van Slyke-Neill apparatus by the following pro- 
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cedure. 1 or 2 ce. of mercury are placed in the cup above the 
chamber. The outlet capillary of the Hempel pipette is filled 
with mercury. The tip of the Hempel pipette is then fitted into 
the bottom of the cup, as shown in Fig. 1. The two cocks shown 
in Fig. 1 are now turned so that the CO gas can flow from the 
Hempel pipette into the chamber of the Van Slyke-Neill apparatus. 
The flow is regulated, not by either of the cocks shown, but by 
the cock leading to the mercury leveling bulb of the manometric 
apparatus. With the leveling bulb in the mid-position shown in 
Fig. 1 of Van Slyke and Neill’s paper, this cock is opened slowly, 
and mercury is withdrawn from the chamber until CO gas has 
entered it as far as the 2. cc. mark. The gas is thus measured un- 
der a pressure indicated by the difference in height between the 
water columns in the two bulbs of the Hempel pipette. This 
difference may vary from about 10 cm. of water when the pipette 
is full of gas to 0 cm. when it is nearly empty. Such variation, 
however, amounts to only 0.01 of an atmosphere, which is negli- 
gible in its effect on the 0.30 volume per cent correction for 
dissolved CO. 

Equilibration of Blood Solution with CO.—Both blood solution 
and CO gas having been measured into the chamber, the cock of the 
latter is closed and is sealed with a drop of mercury, and the cham- 
ber isevacuated. With the mercury meniscus at the 50 cc. mark, 
the chamber is shaken until equilibrium is reached. The time 
required varies somewhat with the speed of the motor. The 
necessary time is found by equilibrating for different periods in the 
blank analyses described below, and finding how long one must 
shake the chamber in order to reduce the blank to a minimum. 
In our apparatus this time is 1 minute. Equilibration being com- 
pleted, the mixture of free gases, composed of all the O, and Ne, 
and part of the CO, from the blood, together with the excess CO, 
is ejected from the chamber.’ 

Determination of CO Bound as HbCO.—After ejection of the free 
gases, the chamber is evacuated until the blood solution is in the 
lower fourth, in order to keep the calibrated upper portion clean 
when the acid ferricyanide to be added precipitates methemo- 
globin. About 1 cc. of mercury and 2 or 3 cc. of water are placed 


? For technique of ejection of gas see (6) foot-note 3, p. 240. 
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in the cup. Through the mercury seal 0.25 cc. of the acid ferri- 
cyanide solution is added from a micro burette graduated into 
0.01 cc. divisions, and provided with a rubber-tipped delivery 
capillary.* Before the tip of the burette is inserted into the mer- 
cury it is moved through the supernatant layer of water, which 
dislodges any adherent ferricyanide crystals or air bubbles. 

After addition of the ferricyanide, only enough mercury is ad- 
mitted into the capillary beneath the cup to fill that capillary and 
the bore of the cock. It is preferable to have no mercury globules 
run down into the chamber at this time, because they are likely 
to adhere to the film of ferricyanide on the walls of the upper 2 cc. of 
space, which it is desirable to keep free and clean for subsequent 
gas measurement. 

To extract the CO set free from HbCO by action of the ferri- 
cyanide, the mercury in the chamber is lowered to the 50 ce. 
mark, and the chamber is shaken slowly for about 5 seconds, to 
avoid too rapid foaming, then vigorously for 3 minutes. 

Mercury is now admitted from the leveling bulb into the cham- 
ber until the gas space above the solution is reduced to 5 or 6 cc., 
and the CO, in the gas phase is absorbed with 1 cc. of air-free 1 N 
NaOH in the manner described on pp. 545-546 of Van Slyke and 
Neill (1). 

The volume of the remaining gas, CO, with a slight trace of air 
introduced with the ferricyanide, is brought to 2 cc., and the pres- 
sure observed on the manometer is recorded as p;. The gas is 
ejected.2, The stop-cock of the chamber is again sealed with a 
drop of mercury, and the fluid meniscus is lowered to the 2 cc. 
mark. The manometer reading now observed, with the chamber 
gas-free, is recorded as pp. 

The hemoglobin content of the blood in terms of CO- or O.- 
binding capacity is calculated by the equation 


CO or O2 capacity = (pi: — pe — c)f 


f is a factor from Table II or III of Van Slyke and Neill (1) and'c 
is a correction, determined by blank analysis, for the slight amounts 
of CO physically dissolved by the equilibrated blood solution, 
and of air admitted in solution in the 0.25 cc. of ferricyanide. 


* Shown in Fig. 3 (2) p. 125 and described on p. 126. 
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If the result is desired in terms of volumes per cent of O, or CO 
capacity, factor f is taken from the last column of Table II of 
Van Slyke and Neill (1). If the result is desired in terms of mm of 
O, or CO with which the hemoglobin of a liter of blood can com- 
bine, factor f is taken from the last column of their Table IIT. 

The value of c is determined by a blank analysis in which 
the procedure described above is repeated in every detail, except 
that 2 cc. of water are substituted for the 2 cc. of blood. The 
correction c is calculated as 


¢*? hi —- Pe 


The value of c is so small and insensitive to ordinary variations 
of laboratory conditions that, once exactly determined, it can be 
used as a constant. In our laboratory, with a temperature of 
20-25° and barometric pressure of 740 to 780 mm., the value of c 
is 4.0 mm., of which 1.4 mm. are due to air admitted in the ferri- 
cyanide and 2.6 mm. to CO physically dissolved by the equili- 
brated blood solution (see Table III). 

The cleaning of the chamber, after each analysis, is performed 
by rinsing with three successive portions of water, as described on 
p. 534 of Van Slyke and Neill’s paper. To the first water portion 
a few drops of the 5 N NaOH are added to dissolve particles of 
methemoglobin adherent to the walls of the chamber. These par- 
ticles usually form a narrow ring in the upper portion of the broad 
part of the chamber. They are dissolved in a few seconds by the 
alkaline solution, the chamber being shaken slowly, with enough 
mercury in it to raise the solution level up to the particles. 


Procedure for Analysis of 1 Cc. Blood Samples. 


The procedure is the same as when 2 cc. of blood are used, 
except that 2.5 cc. of water are taken instead of 4.75 ce., 0.13 ce. 
of the acid ferricyanide solution is used to liberate the CO, and 0.5 
ec. of air-free 1 N sodium hydroxide is used to absorb the CQ,. 
The amount of CO added is the same, 2 cc. measured at atmos- 
pheric pressure. The c correction must be determined with these 
amounts of reagents. The calculation is the same, except that 
the factors in Tables II and III of Van Slyke and Neill (1) are 
found in the seventh column of each table, for the conditions that 
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the sample is 1 cc., S is 3.5 ec., and a is 2.0 cc., or the sixth col- 
umn, when the CO pressure is determined with the gas at 0.5 ce. 
volume. With blood of less than ordinary hemoglobin content, 
more exact results will be obtained by using the 0.5 ec. a mark 
of the extraction chamber instead of the 2.0 cc. mark for the gas 
reading. 


Procedure for Analysis of 0.1 or 0.2 Cc. Blood Samples. 


The blood is drawn into a capillary pipette calibrated to contain 
either 0.1 or preferably 0.2 cc. (It should hold, when filled to the 
mark with dry mercury, 1.355 or 2.71 gm. of Hg.) 

If the blood sample is drawn outside the laboratory, the pipette 
is delivered into a small test-tube, of about 1 or 2 cc. capacity, 
containing 0.5 ec. of water for a 0.1 cc. blood sample, 1.0 ce. of 
water for a 0.2 cc. sample. The pipette is rinsed twice by drawing 
up into it the supernatant water. The blood and water in the tube 
are then mixed with a fine rod or wire. 

Before the sample thus diluted is transferred to the Van Slyke- 
Neill apparatus a drop of caprylic alcohol is drawn into the capil- 
lary below the cup of that apparatus. The blood solution from 
the test-tube is transferred to the cup, and thence, with the drop of 
caprylic alcohol, down into the chamber. The test-tube and cup 
are washed with repeated water portions of 4 or 5 drops each, until 
the volume of solution inside the chamber extends exactly to the 
2 ce. mark. 

If the blood is drawn in the laboratory, the pipette may be 
rinsed directly into 1 ec. of water previously placed in the cup of 
the gas apparatus. The blood is mixed with the water by stir- 
ring or shaking, and is delivered, together with a drop of caprylic 
alcohol, into the chamber. The cup is then washed with repeated 
small portions of water until the solution in the chamber reaches 
to the 2 cc. mark. 

In the same manner described above for analysis of 2 cc. blood 
samples, 2 cc. of CO gas are added and equilibrated with the blood 
solution. 

Of the ferricyanide solution only 0.05 cc. is added. It is run 
in while the blood solution is still in the top of the chamber, and 
is followed by several drops of mercury, which break up the met- 
hemoglobin precipitate into fine particles. 
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The chamber is evacuated and shaken 3 minutes. The fluid is 
permitted to rise as near to the cock at the top of the chamber as it 
will with the leveling bulb at the mid-position. (See third para- 
graph, p. 546 of Van Slyke and Neill (1).) 3 or 4 drops of 5 N 
sodium hydroxide are run into the chamber, followed by a few 
drops of mercury. The alkali absorbs the CO, gas, and, mixed 
by the falling mercury drops with the dilute blood solution, dis- 
solves the suspended methemoglobin particles. The aqueous 
meniscus is lowered below the 0.5 ce. mark, and then brought 
slowly up to it. 

After the p,; reading is taken, the gas is ejected,? the cock is 
sealed with mercury, the meniscus is again lowered to the 0.5 ce. 
mark, and pz is read on the manometer. 

The correction, c, is determined by repeating the analysis with- 
out addition of blood. 

For the calculation the factors in the fifth column of Table II or 
III of Van Slyke and Neill (1) are used, when 0.2 cc. of blood is 
employed. When the sample is only 0.1 cc. of blood, these fac- 
tors are multiplied by 2. 


EXPERIMENTAL. 


Amount of Acid Ferricyanide Solution Required.—In order to 
minimize the correction for air introduced with the ferricyanide 
solution, and still avoid the necessity of preliminary extraction of its 
dissolved air, we have employed a minimum volume of a con- 
centrated solution. The amount of ferricyanide required under 
the conditions of analysis was ascertained by preliminary experi- 
ments, in which 2 cc. portions of blood were treated as above 
described, except for variations in the amount of ferricyanide and 
lactic acid added. An example of the results is given in Table I. 
It is evident that a maximum yield of CO is obtained in Sample 3. 
As pointed out by Van Slyke and Neill (1), the equivalent of 
about 1 cc. of 0.1 N acid per cc. of blood must be added with the 
ferricyanide, to diminish the affinity of Hb for CO, or the CO will 
not be completely freed. 


Tension of CO Required for Quantitative Saturation of Hemoglobin. 


With 2 ce. samples of blood plus the usual 4.75 ec. of water 
in the chamber, varying tensions of CO gas were measured by the 
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following technique. The mercury in the chamber was lowered 
to the 50 cc. mark. Carbon monoxide from the Hempel pipette 


TABLE I. 
Amount of Ferricyanide Necessary to Liberate CO from 2 Cc. of Blood. 
Oxygen capacity of blood by Van Slyke-Neill method = 23.27 volumes 























per cent. 
| Reagent used. | 
| 
| >, 71 icvanide | 
— Potassium ferricyanide. an co 
. Ma. | Lactic acid, of reagent capacity 
Seu | Concentra- concen- added. found. 
| used per A. Volume, | rated. 
| analysis. sass | | 
| | 
| 
gm. parts by parts by 
we. per 100 cc. | volume | volume =. vol. per cent 
1 38.4 | 96 4 0.50 22.83 
2 46.0 | - 92 | 8 0.25 22.92 
3 76.75 | 32 92 8 0.25 23.29 
+ 153.5 | 32 | 96 4 0.50 23.15 
5 153.5 32 | 92 | 8 0.50 23.20 
TABLE II. 


Tension of CO Required to Saturate Hemoglobin of Ox Blood, as Diluted 
for Analysis. 





Estimated | 
volume of 


| CO added, | 


Estimated 
tension of 





| O2 capacity | Tension of 


Vv f , 
by Van CO at CO capacity found. 














Blood No. Slyke-Neill | beginning of} measured |CO at end of 
method. | saturation. | at 760mm. | saturation. 
| and 22°. | 
| 
vol. per cent | mm. cc, | mm. | vol. per cent Fgh A 
1 20.96 | 15 0.85 7 | 20.39 97.3 
| 30 1.70 | 22 20.97 100.0 
60 | 3.40 52 21.04 100.4 
2 20.88 30 1.70 | 22 20.82 99.7 
3 21.68 | 30 | 1.70 | 22 | 21.73 100.2 
4 | 21.80 | 18.6 | 10 | 10 21.23 97.5 
| 35.3 2.0 27 21.73 99.8 
| 70.6 | 40 | 88 21.76 99.9 





(Fig. 1) was then admitted until sufficient had entered to increase 
the pressure, read on the manometer, by the amounts indicated in 
Table II as “Tension of CO at beginning of saturation,” the mer- 
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cury level in the chamber still remaining at the 50 cc. level. In 
fact, as the CO was admitted, the mercury in the chamber did not 
remain at this level, but fell as part of the mercury passed over into 
the rising column in the manometer. To bring the mercury back 
to the 50 ce. mark in the chamber, a little had to be admitted 
from the leveling bulb, with a consequent further rise also in the 
manometer column. We found that when sufficient gas was ad- 
mitted to make the preliminary rise 70 per cent of the CO pressure 
desired, the above mentioned subsequent admission of mercury 
from the leveling bulb raised it to the desired pressure. The 
initial tension of CO could thus be regulated readily within 1 mm. 
The corresponding volumes of CO in cc. measured under atmos- 











TABLE IIL 
Determinations of CO and Air in Blank Corrections of Analysis of 2 Cc. 
of Blood. 
Pressures at 2.0 cc. volume. 
Sample No. | PCO + air | Pair | Poo 
(a) (b) (a) — (b) 
| mm. | mm. mm. 
| 
1 4.1 | 1.4 
2 3.9 | 1.4 | 
| 
Mean. 4.0 | 1.4 | 2.6 





pheric conditions are calculated in the fourth column of Table IT, 
for comparison with the 2 cc. volume directed for routine use. 

The final CO tension was calculated by estimating the amount 
of CO left free in the chamber after the blood had absorbed the 
volume that was recovered in the subsequent analysis. 

The results in Table IT indicate that a final tension over 20 mm. 
is sufficient to insure complete saturation of the hemoglobin. At 
a final tension of 7 mm. 97.3 per cent was found saturated. 


Relative Amounts of CO and Air in Blank Corrections. 


Blank analyses were run as described for 2 ce. of blood. In each 
analysis 6.75 cc. of water were equilibrated in the gas chamber 
with 2 ec. of carbon monoxide gas. Then the free gases were 
ejected, 0.25 ec. of acid ferricyanide was added, the gases were 
extracted, and the pressure P,. + air Was measured at 2 cc. volume. 
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For P,;, the same procedure was used, except that no CO was 
admitted. The gases measured by the pressure P,;, after the second 
extraction in this case were derived from the air introduced with 
the 0.25 ec. of ferricyanide, plus a negligible trace of air not re- 
moved by the first extraction. The results are given in Table III. 

Table IV indicates the order of constancy of the results obtained 
by the oxygen capacity method of Van Slyke and Neill (1) and 
by the present carbon monoxide capacity method applied with blood 


TABLE IV. 
Macro and Micro Determinations of CO Capacity of Blood Compared with Oz 
Capacities by Van Slyke-Neill Method. 
























































O: capacity. CO capacity. 
Blood No. — aes 
2 cc. 2ec. lee. | 0.2 ce. 0.1 ec. 
samples. samples. samples. samples. samples. 
vol. per cent vol. per cent | vol. per cent | vol. per cent vol. nom ont 
la 18.96 18.83 18.84 18.82 18.20 
b 19.08 18.92 | 19.02 18.80 | 18.80 
c 18.97 18.87 | 19.05 18.88 | 18.67 
| | 
Average. 19.00 | 18.87 | 18.97 18.8 | 18.6 
2a 21.25 | 21.36 21.47 | 21.29 | 21.13 
b 21.26 21.35 21.43 | 21.26 | 22.06 
c 21.31 21.40 21.47 21.34 | 21.27 
Average. 21.27 | 21.37 21.46 | 21.3 21.5 
j | 
3a 22.35 | 22.52 22.50 22.29 22.7 
b 22.45 22.42 22.38 22.51 | 22.31 
c 22.37 | 22.42 | 22.29 | 22.50 22.20 
Average. | 22.39 | 22.45 | 22.39 |} 22.4 | 22.4 





samples of 2, 1, 0.2, and 0.1 cc. With blood samples down to and 
including 0.2 ec. the gasometric CO method, if carried out in detail 
according to directions, is probably more exact than any colori- 
metric method. When the sample is reduced to 0.1 cc., however, 
variations of as much as +2 per cent of the amount measured may 
occur in the gasometric procedure. In this case it has over colori- 
metric methods only the advantage of freedom from errors due to 
inaccurate or unstable colorimetric standards. 
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SUMMARY. 


Hemoglobin is determined by measurement of its capacity to 
combine with carbon monoxide. The whole process of saturation 
of the blood with carbon monoxide and its subsequent analysis is 
carried out in the manometric gas apparatus of Van Slyke and 
Neill. Amounts of blood varying from 2 ce. to 0.1 cc. can be used. 

The agreement of carbon monoxide capacities obtained by this 
method with oxygen capacities determined by the technique 
previously employed in this laboratory (1, 3, 4) confirms, with per- 
haps more exactness than previously available data, the fact that 
the hemoglobin of blood combines with identical volumes of oxy- 
gen and carbon monoxide. 
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Electrometric: 

Ion, single, activity coef- 
ficient, determination 
(Stapre and Hawss) 

p. Xxix 
Enzyme: 


Glycolytic, pancreatic juice. 
II (BoLpDYREFF) 


p. lix 
Epinephrine: 
Carbohydrate balance 
(Corr and Corr) 
p. lxii 
Equilibrium: 
Donnan. See Donnan 
equilibrium. 


Electrolyte and gas, in 
blood. X (VAN SLYKE, 


SENDROY, HASTINGS, 
and NEILL) 765 
— — —, — blood. XI 
(Van SiyYKE and SeEn- 
DROY) 801 


Gas and electrolyte, in 
blood. X (VAN SLYKE, 





SENDROY, HASTINGS, 

and NEILL) 765 

—_ — , — blood. XI 

(Van SLYKE and SeEn- 

DROY) 801 
Ergosterol: 

Cathode ray exposure 


(Knupson and Moore) 

. xix 

Ultra-violet light irradia- 
tion (KNupDSON' and 


Moore) p. xix 
Erythrocyte: 

Sugar, insulin effect 
(TRIMBLE and Map- 
DOCK) 323 

Excretion: 

Nitrogen, camel (SmiTH 

and SILVETTE) 409 


Urea, rate, kidney func- 
tion measure (LEWIs and 
MatTTIsoNn) p. Ixxvi 


Index 





| Exercise: 

Calcium balance, cows 
(TuRNER and HarRTMAN) 

p. XXvii 

Nitrogen balance, cows 
(TURNER and Hartman) 

p. XXvii 

Phosphorus balance, cows 


(TuRNER and HarTMAN) 

p. XXVii 

Running, metabolism (TAt- 
BOTT, F6LLING, HENDER- 
son, Dit, Epwarps, and 
BERGGREN) 445 


F 


Fasting: 
Ketosis (FRrEDEMANN) 
p. lxi 
Fat: 
Carbohydrate, conversion 
to. I (DEvEL and 





(MILHoRAT) 299 
Iodine determination in 
(McCienpon, MatTuHie- 
son, and Hyngs) 
p. xlvi 
Milk, human, composition, 
supplementary feeding 
effect (KLEINER and 
BELL) p- XXV 
Rennin coagulation, milk, 


removal (Strong and 
ALSBERG) 557 
Feces: 
Lipid distribution 
(SPERRY) p. xliv 
Ferrocyanide: 


Ions, resorption by coagu- 
lated proteins (HENDRIX) 





653 
Fetus: 

Tissue, hydrogen ion deter- 
minations, glass elec- 
trode (MILLET) 

281 
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Subjects 


Fibrin: 
Transport numbers 
(GREENBERG) 265 

Fish: 
Muscle, hydrogen ion 
concentration (BENSON) 
583 

Folin: 
Glucose in normal urine, 

method (HAMILTON) 


63 
Food: 

Fatty, iodine determina- 
tion in (McCLENDON, 
MATHIESON, and 
HyYNEs) p. xlvi 

Iron, plant and animal 
(PETERSON and ELVEH- 
JEM) 215 

G 
Gas: 
Equilibrium, __ electrolyte 


and, in blood. X (Van 
SLYKE, SenprRoy, Hast- 
inGs, and NEILL) 


765 

— —, — blood. XI 
(Wan SLYKE and SEND- 
ROY) 801 


Gasometric determination: 
Hemoglobin (VAN SLYKE 


and HILuer) 807 
Glucose: 
Dihydroxyacetone, com- 


parison of effect on me- 


tabolism (McCLEeLuan, 
BrasoTti, and HANNON) 
719 

Folin method, normal urine 
(HAMILTON) 63 
Metabolism, dihydroxy- 
acetone, comparison 


(McCLELLAN, BIASOTTI, 
and HANNON) 
719 
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Glucose—continued: 
Non-glucose sugar of blood 
and plasma (HuBBARD 

and DEEGAN) 


p. lvii 
Urine, nephritis (Haw- 
Kins, MacKay, and 
VaN SLYKE) 

p. Xxiii 
—, normal (HawkKINs, 
MacKay, and VAN 
SLYKE) p. XXxiii 
—, —, Folin’ method 
(HamILTon) 63 


Glucose cycloacetoacetic acid: 
Metabolism (West and 


ScHARLES) p. liv 
Glucoside: 
Digitalis. I (JACOBS 
and Gustus) 573 
Glutathione: 
Oxidizing power (KEN- 
DALL) p. xl 
Reducing power (KEN- 
DALL) p. xl 
Glutelin: 
IV (Jones and CsonKa) 
289 
Corn (Zea mays) (JONES 
and CsonKA) 289 
Glycolysis: 
Enzyme, pancreatic juice. 
II (BoLpYREFF) pp. lix 
Gossypol: 
IV (CLARK) 159 
Growth: 


Aluminum administration, 
effect (Myers and 
MULL) 605 

Cereal diet, effect (RosE 
and McCo.ium) 


535 
Creatine effect (CHANUTIN 
and BrEearp) 167 


Diets containing sodium 
benzoate (GRIFFITH) 
p. XXiv 
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Growth—continued: 
Vegetable diet, effect 
(Rose and McCo.ium) 
535 
Guanidine: 
Bases, determination, urine 
(WEBER) 465 
—, excretion (WEBER) 
p. Xv 
—, urine, determination 
(WEBER) 465 


H 


Halogen: 

-containing hydrocarbons, 
decomposition during 
anesthesia (Lucas) 

p. lxix 
Hematopoiesis: 

Vitamin B deficiency, nurs- 
ing young (Surg, Kix, 
and WALKER) pp. xviii 

Hemoglobin: 

Copper relation (McHar- 

GUE, Heaty, and Hitt) 
637 

Gasometric determination 

(VAN SLYKE and HILuer) 
807 

Organic precursors (CaRT- 

LAND and Kocn) 


p. Xxil 
Hemolysis: 
Acid-producing action (Bo- 
DANSKY) p. xvi 
Heparin: 


Rennin coagulation, milk 
(STONE and ALSBERG) 
557 
Hepatectomy: 
Blood pigment, oxygen 
capacity (Stimson and 


HRUBETz) 413 
Oxygen capacity, blood 
pigment (Stimson and 
HRvuBETz) 413 


Index 


| Hippuric acid: 


| Formation, lignin factor 

(CsonKA, Puruuips, and 

JONES) p. Xxiv 
Hirudin: 


Rennin coagulation, milk 
(STONE and ALSBERG) 
557 
Histidine: 
Arginine, separation. IV 
(VickERY and LEAVEN- 





WORTH) 627 
Insulin, isolation (JENSEN) 
p. xli 


Preparation (VicKERY and 


LEAVENWORTH) 627 
Hydrocarbon: 
Halogen-containing,  de- 


composition during anes- 
thesia (Lucas) 





p. lxix 
Hydrogen: 
Solubility, blood cells (VAN 
SLYKE and SENpRoY) 


801 
—, — serum (VAN SLYKE 
and SENDROY) 801 


Hydrogen ion: 
Concentration, colorimetric 


determination, blood 
(Myers and Muvn- 
TWYLER) 243 








; —, urine (Myers 
and MUNTWYLER) 


225 

—, fish muscle (BENSON) 
583 

, glass electrode meas- 
urements, tissues (MIL- 
LET) 281 


Immunology: 
Typhoid bacillus (HEIDEL- 
BERGER, SHWARTZMAN, 
and Coun) p. Ixxvi 
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Subjects 843 


Insulin: 
Assay (PucHER) 
p. Lxiii 
Blood, phosphorus distri- 
bution, effect (KERR) 


- 
oo 

—, potassium distribution, 
effect (KERR) 35 


— sugar distribution in di- 
abetes, effect (SHOPE) 

111 

Carbohydrate balance 

(Cort and Cort) | p. lxii 

Crystalline, acetylation 

(JENSEN) p. xli 

—, hydrolyzed, arginine 
isolation (JENSEN) _ 

p. xli 

—, —, histidine isolation 

(JENSEN) p. xli 

; , leucine isolation 

(JENSEN) p. xli 

Diabetes, blood sugar dis- 

tribution, effect (SHOPE) 

111 

Phosphorus _ distribution, 

blood, effect (KERR) 
35 
Potassium distribution, 
blood, effect (Kerr) 


35 

Protein metabolism, effect 
(Krecu and Luck) 

257 

Recovery (PuUCHER) 

p. lxiii 

Sugar, erythrocytes, effect 
(TRIMBLE and Map- 
DOCK) 323 

Iodine: 

Determination in fat and 
fatty foods (McCLEn- 
DON, MATHIESON, and 
HyNEs) p. xlvi 

Fat, determination (Mc- 
CLENDON, MATHIESON, 
and HyNgs) p. xlvi 


{ Iodine—continued: 





Fatty foods, determination 
(McCLENDON, MATHIE- 
son, and Hyngs) 

p. xlvi 
Ion(s): 

Activity coefficient, single, 
electrometric determina- 
tion (Stapre and HawsEs) 

p. XXix 

Copper, resorption by co- 

agulated proteins (HEN- 


DRIX) 653 
Ferrocyanide, resorption 
by coagulated proteins 
(HENDRIX) 653 


Iron: 
Food, animal (PETERSON 
and ELVEHJEM) 
215 
—, plant (PeTerson and 
ELVEHJEM) 215 
Isodigitoxigenin : 
(Jacoss and Gustus) 
573 
Isoelectric : 
Point, crystalline urease 
(SUMNER and Hanp) 


p. XXXiv 
K 
Ketosis: 
Fasting (FRIEDEMANN) 
p. Lxi 
Kidney: 


Urea’ elimination rate, 
measure of function 
(Lewis and Mattison) 

p. I[xxvi 


L 


Lactation: 
Calcium balance, women 
(HuNscHER) 
p. XXvi 
Cereal diet, effect (Rose 
and McCo.ium) 
535 
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Lactation—continued: 


| 


Phosphorus balance, wo- | 


men (HUNSCHER) 


p. Xxvi 
Vegetable diet, effect 
(Rose and McCo.iium) 
535 

Lactic acid: 
Blood, determination 
(NELSON and LEHN- 
HERR) p. xlix 


Determination (KENDALL 
and FRIEDEMANN) 
p. lxi 
—, blood (NeEtson and 
LEHNHERR) p. xlix 
Metabolism, muscle (Ron- 
ZONI) p. lv 
Muscle, metabolism (Ron- 
ZONI) p. lv 
Leucine: 
Insulin, isolation (JENSEN) 
p. xli 
Levulose: 
Blood, determination 
(CorLEY) p. Ix 
Determination, blood and 
urine (CoRLEY) p. lx 
Metabolism (CorLEy) 


p. lx 

Urine, determination 
(CorLEY) p. lx 

Light: 

Ultra-violet, ergosterol, ir- 
radiated, antirachitic 
potency (KNUDSON and 
Moore) p. xix 

Lignin: 


Hippuric acid formation 
(CsonKA, PHILuips, and 


JONES) p. Xxiv 

Limulus: 
Amebocyte, urease extrac- 
tion (Logs, LorBErR- 


BLATT, and FIELD) 


417 | 





Index 


Limulus—continued: 
Urease extraction, amebo- 


cyte (Lors, LORBER- 

BLATT, and FIELD) 
417 

Lipid: 

Fecal, distribution 
(SPERRY) p. xliv 
Tissues, normal, quantita- 
tive relationships 
(BLoor) p. iii 


Liquid junction: 

Potential, single ion activ- 
ity coefficient, electro- 
metric determination, 
role (STADIE and 
HaweEs) p. Xxix 

Liver: 

Anemia, pernicious, dia- 
lyzed extracts (HEIDEL- 
BERGER, ROSENTHAL, 
Coun, and FRIEDMAN) 

p. lxvi 

Creatine distribution 

(CHANUTIN and BEarpD) 
167 

Extract (LooNnEy) 

p. xi 

Sugar, free (Power and 
CLAwson) p. lvi 

Luciferase: 

Luciferin oxidation (Har- 

VEY) 369 
Luciferin: 

Oxidation without lucifer- 

ase (HARVEY) 369 
Lyxoside: 

Methyl-, triacetyl, isomers 

(LEVENE and WoLFRom) 
525 


M 


Mannoside: 
Diacetone methyl-, a and 
8 forms (LEVENE and 
MEYER) 363 





XUM 


)0- 


17 


on 
liv 


ps 
iii 





XUM 








Subjects 845 
Menstruation: | Milk: 
Blood composition, nor- Antirachitic factor, hu- 
mal women (OKEy) man and cow’s (OvrT- 
p. xiii HOUSE, Macy, and 
Metabolism: BREKKE) 129 
Acetic acid (DEvEL and Coagulation, rennin 
MILHORAT) 299 (SToNE and ALSBERG) 
Amino acids. I (JoHNs- 557 
TON and LEwIs) 67 Copper content (QuaM and 
Bile. II (GREENE and HELLWIG) 
SNELL) 691 Human. V (OvrTHOUSE, 
Calcium, cows. III (Tur- Macy, and BREKKE) 
NER and HARTMAN) 129 
p. xxvii | —, composition, supple- 
Dihydroxyacetone, glu- mentary feeding effect 


cose, comparison of ef- 
fect (McCLELLAN, B1a- 
soTTi, and HANNON) 


719 
Energy, diseases, blood 
sulfur (KOEHLER) 

p. Ixx 
Glucose  cycloacetoacetic 
acid (WEsT and 
ScHARLES) p. liv 
_, dihydroxyacetone, 
comparison of effect 


(McCLELLAN, BIASOTTI, 
and HANNON) 719 
Lactic acid, muscle (Ron- 


ZONI) p. lv 
Levulose (CorLEY) pp. Ix 
Phosphorus, cows. III 

(TurRNER and MHart- 

MAN) p. Xxvii 
Protein, insulin effect 

(Krecu and Luck) 

257 
Tryptophane (Jackson) 
p. Ixvi 
Methylene blue: 
Sugar peroxidation 
(HaRNED) p. lii 
Methyllyxoside: 
Triacetyl, isomers (LE- 

VENE and WoLFROM) 

525 





(KLEINER and BELL) 
p. XXV 
Rennin coagulation (STONE 
and ALSBERG) 557 
Secretion, tryptophane, 
free, utilization (Cary 
and MerGs) 399 

Mineral: 

Acid, ingestion, effect on 
swine (Lams and Ev- 


VARD) p. xxviii 
Monoses: 

Acetyl. IV (LEvENE and 

Wo.Frrom) 525 
Mueller: 

Amino acid (BarRGER and 

Coyne) p. iii 
Muscle: 

Activity. V (Ta.sort, 
F6LLING, HENDERSON, 
Dm., Epwarps, and 
BERGGREN) 445 

Creatine distribution 
(CHANUTIN and BEarD) 

167 

Cunner, dehydrogenase 
(CoLLETT) 685 

Dehydrogenase, cunner 
(CoLLETT) 685 


Fish, hydrogen ion concen- 
tration (BENSON) 
583 
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Muscle—continued: 
Hydrogen ion concentra- 
tion, fish (BENSON) 


583 | 
Lactic acid metabolism 
(Ronzont) p. lv 
Pigment, yellow (Dras- 
KIN) p. xii 
Potassium concentration, | 


Donnan equilibrium ef- 
fect (M1TCHELL) 


p. X | 


Smooth, lactic acid metab- 
olism (RoNzonr) 


p. lv 
Striated, lactic acid | 
metabolism (RONZONI) | 
p. lv 


Sugar, free (Power and 

CLAWSON) p. lvi 
Myasthenia gravis: 

Tyrosine compound, reduc- 


ing urinary (BERGLUND, | 


Mepes, and LOHMANN) 


Myrtomel: 

Diabetes (MorRELL, VaAR- 
LEY, Hart, and Scn- | 
WOcH) p. xviii | 

N 
Neoplasm: 


Tissue, hydrogen ion de- 


terminations, glass elec- 


trode (MILLET) 
281 
Nephritis: 

Glucose, urine (HAWKINS, 
MacKay, and VAN 
SLYKE) p. xxiii 

Phosphate solutions, intra- 
venous injection, effect 
(BoLLIGER) p. lxxiv 

Nitrogen: 

Balance, 
cows 
HARTMAN) 


exercise effect, 
(TURNER and 
p. XXvii 


p. Vv | 


Index 


| Nitrogen—continued: 
Excretion, camel 
and SILVETTE) 


(SMITH 


409 

Non-protein constituents of 

blood, amino acid ad- 

ministration effect 
(JOHNSTON and LEwis) 

67 

| Nutrition: 

I (Rose and McCotuium) 

535 

II (Rose and McCotuivum) 

549 

Acid-base balance. IV 
(Lams and Evvarp) 

p. XXViii 


O 


Oil: 
Cod liver. See Cod liver 
oil. 
Optical rotation: 
See Walden inversion. 
| Oxidation-reduction: 
Potential, blood (HANKE 
and TuTa) 


| p. XXXvi 
Oxygen: 

Capacity, blood pigment, 
| partial hepatectomy 
| (Stimson and HRUBETz) 
413 


P 


Pancreas: 

Enzyme, glycolytic, pan- 
creatic juice. II (Boup- 
YREFF) p. lix 

Pancreatectomy : 

Blood, phosphorus distri- 
bution, effect (KERR) 

35 

—, potassium distribu- 
tion, effect (KERR) 





35 
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Subjects 847 


Pancreatectomy—continued: 
Phosphorus 
blood, effect (Kerr) 


35 
Potassium distribution, | 
blood, effect (KERR) 
35 


Parathyroidectomy: 
Blood calcium following 
(TwEEpyY and CHAND- 
LER) 
Pepsin: 
Protein hydrolysis by, neu- 
tral salts effect (Mc- 


MEEKIN) p. xliii 
Phaseolin: 
Cystine (SULLIVAN) 
p. xv | 
Phosphatase: 
Robison (TITHERINGTON 
and Morse) 
p. Xvi 


Phosphate: 
Intravenous injection, ef- 
fect (BOLLIGER) 


p. lxxiv 
Phosphorus: 

Balance, exercise effect, 
cows (TURNER and 
HARTMAN) p. Xxvii 

—, lactating women 
(HUNSCHER) 

p. Xxvi 

Blood, distribution, insulin 
effect (KERR) 35 

—,—, pancreatectomy ef- 
fect (KERR) 35 

Metabolism, cows. III 
(TuRNER and HARTMAN) 

p. XXvil 
Pigment: 
Blood, oxygen capacity 


after partial hepatectomy 
(Stimson and HrvuBETz) 
413 

Yellow, muscle (DRABKIN) 
p. xii 


distribution, | 


p. Ixxiii | 


| Pigment—continued: 
Yellow, serum (DRABKIN) 


p. xii 

| Plasma: 

See Blood plasma. 

| Polymerization : 

| Condensation and. III 

| (LEVENE and WatrT!) 

| 23 
Potassium : 


| Blood, distribution, insu- 
lin effect (KERR) 


35 
Blood, distribution, pan- 
createctomy effect 
(KERR) 35 
Micro method (SHont and 
BENNETT) 643 

Muscle’ cell, Donnan 


equilibrium effect (Murt- 
CHELL) p. x 
Potential: 

Liquid junction, single ion 
activity coefficient, elec- 
trometric determination, 
role (StaprE and Hawes) 

p. Xxix 

Oxidation-reduction, blood 
(HaNKE and TuTa) 

p. XXXvi 
Potentiometer: 

Sugar-reducing rate (ARI- 
YAMA and SHAFFER) 

p. li 


Protein(s): 
Copper ion resorption, co- 
agulated (HENDRIX) 


| 


653 

Dissociation constant, ap- 
parent (CoHN' and 
GREEN) p. XXxii 
Ferrocyanide ion resorp- 
tion, coagulated (HEN- 


DRIX) 653 
Fractionation, serum 
(MuscHEL) 715 
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Protein(s)—continued: 
Metabolism, insulin effect 
(Kiecu and Luck) 
257 
Pepsin hydrolysis, neutral 
salts effect (McMrrEk1n) 


p. xiii 
Physicochemical methods 
characterizing. VIII 
(Conn and GREEN) 
p. XXxii 
Plasma, regeneration 
(ScHLUTZz, SWANSON, 
and ZIEGLER) p. vii 
Regeneration, plasma 
(ScHLUTZ, SWANSON, 
and ZIEGLER) p. vii 
Serum, fractionation 
(MuscHEL) 715 
Proteolysis: 
Conductivity and. II 
(BAERNSTEIN) 
481, p. xlii 
R 
Racemization: 
VII (LEvENE and Bass) 
145 
Radiation: 


Ultra-violet, duration, ef- 
fect on chickens (Rus- 
SELL, MASSENGALE, and 
Howarp) p. xxi 

Ray: 

Cathode, ergosterol, irra- 
diated, antirachitic po- 
tency (Knupson and 
Moore) p. xix 

Ultra-violet, vitamin B 
(HoGcan and Hunter) 


p. xvii 

Rennin: 
Coagulation, milk (STonE 
and ALSBERG) 557 


. , Cephalin effect 
(STONE and ALSBERG) 
557 











Index 


Rennin—continued: 
Coagulation, milk, fat re- 
moval effect (STONE and 


ALSBERG) 557 
—, —, heparin effect 
(STONE and ALSBERG) 

557 
—, -—,  hirudin effect 


(STONE and ALSBERG) 
557 
Reproduction : 

Aluminum administration, 
effect (Myers and 
MULL) 605 

Cereal diet, effect (Ross 
and McCo.ivum) 


Vegetable diet, effect 
(Rose and McCo.tivum) 
535 


Respiratory exchange: 

Blood, pernicious anemia, 
during recovery (DILL, 
Bock, VAN CAULAERT, 
F6LLING, HuRXTHAL, 
and HENDERSON) 

191 
Respiratory quotient: 

Synthalin, studies (Karr, 

Petty, and ScHUMANN) 


p. xli 

Rickets: 
IV (SHont, BENNETT, and 
WEED) 181 


Acid-base content, varying, 
of diet, effect (SHOHL, 
BENNETT, and WEED) 

i8l 

Ergosterol, ultra-violet 
light and cathode ray 
effect (KNupson and 
Moore) p. xix 

Milk, human and cow’s, 
antirachitic factor (OutT- 
HOUSE, Macy, and 
BREKKE) 129 
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Subjects 


Robison: 

Phosphatase (TITHERING- 

TON and Morse) xvi 
Running: 

Metabolism (TALBOTT, 
F6LLING, HENDERSON, 
Ditt, Epwarps, and 
BERGGREN) 445 

Ss 
Salt(s) : 


Carbon dioxide solubility, 


solution (VAN SLYKE, 
SENDROY, HASTINGs, 
and NEILL) 

765 


Neutral, protein hydroly- 
sis by pepsin, effect (Mc- 
MEEKIN) p. xliii 

Urease extraction from 
amebocytes of Limulus, 
specific action (LOEB, 


LORBERBLATT, and 
FIELD) 417 
Sodium: 


Determination, iodometric 
method, serum and 
plasma (RouRKE) 

37 

Iodometric method, serum 
and plasma (RouRKE) 

337 

Plasma, heparinized, iodo- 

metric method (RouRKE) 


337 

Serum, iodometric method 

(RovuRKE) 337 
Sodium acetate: 

Calcium, serum, ultrafil- 


trability, effect (SHELL- 
ING and MasLow) 


661 
Sodium benzoate: 
Diet containing, growth 
(GRIFFITH) 
p. Xxiv 
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Sodium bromide: 

Edema production (Hast- 
INGs and VAN Dyke) 

p. XXXV 
Sodium citrate: 

Calcium, serum, ultrafiltra- 
bility, effect (SHELLING 
and Masitow) 

661 
Sodium lactate: 

Calcium, serum, ultrafil- 
trability, effect (SHELL- 
ING and Mastow) 

661 
Spinal fluid: 
See Cerebrospinal fluid. 
Stomach: 

Aluminum compounds in 
baking powder residues, 
solubility (Myers and 


KILLIAN) 591 
Sugar: 
Blood, creatine effect 
(Hr) p. iv 
— distribution (SHops) 
107 
—, —, normal and dia- 
betic humans (SHOPE) 
111 
—, —, — human (Somoey1) 
117 
Borate reaction with 
(Levy) p. liii 
Erythrocytes, insulin effect 
(TRIMBLE and Map- 
DOCK) 323 


Free, liver and muscle tis- 
sue (Power and CLaw- 
SON) p. lvi 

Insulin effect, erythrocytes 
(TrimBLeE and Map- 


DOCK) 323 
Non-glucose, blood and 
plasma (Hussparp and 

DEEGAN) 
p. lvii 
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Sugar—continued: 
Peroxidation, methylene 
blue, action (HARNED) 
p. lil 
Reducing rate, potentio- 
metric determination 
(ArryYAMA and SHAFFER) 
p. li 

Sulfur: 


Blood, metabolic diseases | 


(KOEHLER) p. lxx 
-containing amino acid of 


Mueller (BARGER and 
CoyYNE) p. iii 
Synthalin : 


Respiratory quotient stud- 
ies (Karr, Perry, and 
ScHUMANN) p. xli 

T 
Tetany: 

Thyroparathyroidectomy, 
cod liver oil (GREEN- 
WALD and Gross) 

p. Ixviii 
3-Thiolvaleric acid: 

Oxidation, Walden inver- 
sion, relation (LEVENE 
and Morr) 1 

4-Thiolvaleric acid: 

Oxidation, Walden inver- 
sion, relation (LEVENE 


and Mort) 1 
Thyroparathyroidectomy : 
Tetany, cod liver oil 
(GREENWALD and 
GRoss) p. lxviii 
Tissue: 
Aluminum in animal 
(Myers, Mut, and 
Morrison) 595 


autopsy (MyYErs 
and MuLL) 625 

— —, following aluminum 
administration (MyYrErs 
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Accurate 
/ Measurement--- of refractive 
indices and dispersions 


of fluids, solids and plastic bodies can readily be determined 
with the B. & L. ABBE REFRACTOMETER. Because 
of its simplicity, ease of manipulation and the importance 
of its findings, it is widely used in chemical and physical 
laboratories. 


This instrument measures indices ranging from nD 1.3 
to 1.7. An accuracy of one or two units in the fourth deci- 
mal can be obtained. Charts supplied with each instru- 
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-F ment enable dispersion readings to be taken with the same 
n accuracy. The index is read directly on a sector scale the 
’ y ) 
»f intervals of which have been calculated for the constants 
nt of the glass used in making the ABBE prisms. 
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Abbe Compensator, table of dispersion and conversion 
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of ; 
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Bausch & Lomb Optical Co. 
nN 
St. Paul eid macnn, N. Y. 
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L E I T Z Patent applied for 
EST’D: 1849 Designed after suggestions of Prof. K. Buerker 
; In Stock for Immediate Delivery 
~h Through the use of a new prism combination perfectly symmetrical 
= light rays are obtained. Its advantages are as follows: 
1. The “Albrecht Huefner” prism renders symmetrical optical rays and prevents 
the appearance of color aberration within the optical system. 
2. This prism divides the two comparison fields by a mere hair-line. 
ay 
\ 3. The special containers for ‘the diluent, practically eliminate the influence of 
n the diluent and reduce the error to a mere minimum. 
1s 4. Clinicians, using this instrume nt, have easily been able to make readings 
within an accuracy of 0.3 
5. The construction eit a microscope stand and is arranged in a most 
convenient manner, at the same time is small in dimensions. 
1e 6. Sliding metal doors close the entire colorimeter in an absolutely light-tight 
' manner. 
g; Price $125.00 
“Discount to Educational Institutions and Hospitals” 
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The 
greatest enemy 
of disease 


Onty recently has the medical pro- 
fession recognized that the greatest 
enemy of disease is the body itself. 
Very few laymen yet understand this 
important fact; they still believe to a 
large extent that the medicines pre- 
scribed for them are intended as spe- 
cific cures. In some cases, of course, 
they are. 

But perhaps the most important 
modern development in medical sci- 
ence is the new knowledge of glandu- 
lar therapy. The mysteries of gland 
functions and properties are rapidly 
being revealed, so that the human 
body can now be reénforced through 
the vital 
peutic products. 

Armour Laboratory is undoubt- 
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able source of organotherapeutic 


agency of organothera- 


products. Having at its command 
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ment, it has built up over a period of 
thirty years an institution recognized 
everywhere as ‘Headquarters for 
medical supplies of animal origin.’’ 

You may have full confidence in 
such products as the following— 
when they bear the Armour label: 
Pituitary Liquid, Suprarenalin Solu- 
tion, Ovarian, Corpus Luteum, Para- 
thyroid. 


ARMOUR && COMPANY 
Chicago 


\propucts/ ; 
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Green Silk 4426} 112 pages 
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ment and prophylaxis. 
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ANNOUNCES NEW EQUIPMENT 


We have recently developed several new pieces of equipment which 
are not yet listed in our book, “The A. B. C. of Hydrogen Ion Con- 
trol.”” Full description and prices will be sent gladly on request. 





La Motte Blood Urea Set 
La Motte Urine Comparator 
La Motte Blood Comparator 


La Motte Pigford Icterus 
Index Comparator 


La Motte Chemical Products Co. 
430 Light Street, 
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